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ABBREVIATIONS FULL SPELLING 
DRM Dedicated RAM Module 
SP Single port 
SDP Simple Dual port 
DP True Dual port 
FIFO First In first out 
GTP Generic Technology Primitive 
NW Normal-Write 
RBW Read-before-Write 
TW Transparent-Write 
OR Output Register 
ECC Error correcting Code 
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1. General introduction 


The DRM of Titan2 series FPGA has a storage unit up to 36K bits and the capacity can be 
independently configured as two 18K bits or one 36K bits. Each DRM can support DP (True Dual Port, dual- 
port) RAM mode, and can also be configured as SP (SinglePort, single-port) RAM mode, SDP (Simple Dual 
Port, simple dual-port) RAM mode, ROM mode, and Synchronous\Asynchronous FIFO (First In First Out) 
mode. DRM resources also support input registers (IR) and output registers (OR), which makes DRM 
cascaded to have better performance. The total number of DRMs depends on the Titan2 series device 
type. 

The IP of embedded DP RAM, SP RAM, SDP RAM, ROM and synchronous/asynchronous FIFO modules 
can be easily generated through the IP Compiler tool embedded in the software Pango Design Suite of 
Shenzhen Ziguang Tongchuang Electronics Co., Ltd. 


(1) List of functional characteristics 


The table below is a list of DRM features of Titan2 series FPGAs. 


Table 1 Feature list 


FUNCTION DESCRIPTION 

Memory capacity 1 36K or split into 2 18K, can be combined into a 
maximum 72bit bit width 

DP RAM mode Max 36 bit data width 

SDP RAM mode Max 72 bit data width 

SP RAM mode Max 72 bit data width 

ROM mode Max 72 bit data width 

FIFO mode Asynchronous and synchronous mode 

Write mode DP and SP Support Normal-Write, Transparent-Write and 
Read-before-Write write mode 

Byte-Write byte write enable Support 

Optional output register Support 

Hard cascading Two adjacent 36K Block cascading supports 64Kx1 (both 
ports have the same data bit width ) 

ECC Only at 36K (SDP/FIFO) 512x72 Mode supports 1bit Error 
correction 2bit error detection 

Output Register Synchronous / Support 


Asynchronous Reset 
Note : In SP mode, it is forbidden to set the read-write mode to TW and RBW with a data width of 32 


bits and above . It needs to be set to the default NW . See Chapter 5 for details. 
Section (5) of the chapter . 


(2) Resource scale 


Table 2 Titan2 Resource scale 
DEVICE NUMBER OF RESOURCES /36KBITS 
PG2T390H 480 
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(3) DRM supported modes 


Each DRM can support DP (True Dual Port, dual-port) RAM mode, and can also be configured as SP 
(SinglePort, single-port) RAM mode, SDP (Simple Dual Port, simple dual-port) RAM mode, ROM mode, and 
Synchronous\Asynchronous FIFO (First In First Out) mode. 

The port bit width of DRM supports two types: one is that the data bit width is 27 (including 
1/2/4/8/16/32/64bit). The other is that the data bit width is 9 x 2" (including 9/18/36/72/bit). The DP 
RAM and SDP RAM modes also support the mixed data width function, that is, the two ports can be 
configured as different bit widths. For example, an SDP RAM can be configured as 16Kx1 on the write port 
and 512x32 on the read port, thus saving the serial-to-parallel conversion logic from 1 bit to 32 bits. 

Both DP RAM and SDP RAM support 36K mode and 18K mode. In DP RAM mode, DRM has a maximum 
data width of 36-bit. The A and B ports of the DRM module can independently perform read and write 
operations, and both support different clocks. Іп SDPRAM mode, the DRM data bit width is increased to 
72 bits. One of the A and B ports is dedicated to data writing, and the other port is dedicated to data 
reading. The read and write ports also support different clocks. 

The allowed bit width combinations of DP RAM in 36K and 18K DRM modes, and the allowed bit 
width combinations of SDPRAM in 36K and 18K DRM modes are described in Table 12, Table 13, and Table 
22 and Table 23. 

In the 18K mode of the two modes of SP RAM and ROM, the DRM contains two ports. In the SP RAM 
mode, the two ports can be independently read and written, while in the ROM mode, the port is read- 
only; in the case of two pairs of ports sharing Below, DRM contains only one port. The allowed bit width 
combinations of SP RAM in 36K and 18K DRM modes, and the allowed bit width combinations of ROM in 
36K and 18K DRM modes, have been described in Table 27, Table 28, Table 33, and Table 34. 

In FIFO mode, one port is dedicated to data writing and the other port is dedicated to data reading, 
and the read and write ports can use different clocks. The FIFO mode configuration in 36K mode and the 
FIFO mode configuration in 18K mode are described in Table 39 and Table 40. In the SDP/FIFO 512x72 
memory mode, it supports 72bits wide data ECC error correction, in which the effective data bits are 
64bits, and the other 8bits are stored as ECC parity bits. In ECC mode, it supports single-bit error correction 
and two-bit error detection functions, and simultaneously outputs ECC SBITERR (single-bit error 
correction indication flag), ECC DBITERR (double-bits error , read address is only supported іп SDP mode) 
output. 

Multiple DRMs can be combined into larger DP RAM, SDP RAM, SP RAM, ROM or FIFO through 
cascade expansion. For this, GTP. DRM provides an additional 3-bit address extension (CS[2:0]), which is 
often used for deep extension applications. For address and data port Mapping, see the appendix for 
details. 
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2. GTP Description 


GTP (Generic Technology Primitive, general technical primitive) can be instantiated directly in the 
design, and the GTP supported by Titan2 series FPGAs and its usage instructions are detailed in 
"UG050007_Titan2 Series Products GTP User Guide". 

The DRM-related GTP of Titan2 series FPGAs is the basis of various DRM modes. Users can configure 
DRM modules that implement different modes and functions through the DRM GTP. There are four DRM- 
related GTPs supported by Titan2 series FPGAs: GTP DRM36K E1, GTP ОКМЪЗК ЕТ and 
GTP FIFO36K E1, GTP FIFO18K ЕТ. 
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(1) 


GTP DRM36K ЕТ 


2. GTP Description 


Instantiate СТР DRM36K E1 to implement DP, SDP, SP, ROM modes. The block diagram of the GTP 
structure is shown in the figure below. See Table 3 and Table 4 for port description and parameter 


description. See the appendix for instantiated templates. 
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| ADDRA[15:0] 
ADDRA HOLD 
DIA[35:0] 
CSA[2:0] 

WEA 

CLKA 

CEA 

ORCEA 

RSTA 
ADDRB[15:0] 
ADDRB_HOLD 
DIB[35:0] 
CSB[2:0] 

WEB 

CLKB 

CEB 

ORCEB 

RSTB 
BWEA|7:0] 


| BWEB[3:0] 


INJECT_SBITERR 


| INJECT_DBITERR 


| CINA 


CINB 


DOA[35:0] ———> 


DOB[35:0] ———- 


ECC SBITERR ^ ^ 


ECC DBITERR ———- 


ECC RDADDR[8:0] ———> 


ECC PARITY[7:0] ——— 


COUTA — —- 


COUTB —— ——- 


Figure 1 СТР DRM36K ЕТ structure diagram 
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Table З СТР DRM36K E1 port description 


PORT NAMING INPUT / DESCRIPTION 
OUTPUT 

ADDRA[15:0] INPUT A port input address 

ADDRA HOLD INPUT A Port address input selection 

DIA[35:0] INPUT A port data input 

CSA[2:0] INPUT A port address extension 

WEA INPUT A port write enable 

BWEA|7:0] INPUT A Port Byte Write Enable 

CLKA INPUT A port clock 

CEA INPUT A Port Input Register Clock Enable 

ORCEA INPUT A Port output register clock enable 

RSTA INPUT A PORT DATA REGISTER RESET 

DOA[35:0] OUTPUT A port data output 

ADDRB[15:0] INPUT B port input address 

ADDRB HOLD INPUT B Port address input selection 

DIB[35:0] INPUT B port data input 

CSB[2:0] INPUT B port address extension 

WEB INPUT B port write enable 

BWEB[3:0] INPUT B Port Byte Write Enable 

CLKB INPUT B port clock 

CEB INPUT B Port Input Register Clock Enable 

ORCEB INPUT B Port output register clock enable 

RSTB INPUT B PORT DATA REGISTER RESET 

CINA INPUT 64Kx1 Mode for deep cascading, adjacent DRM A Port Data Output 
Cascade Input 

CINB INPUT 64Kx1 Mode for deep cascading, adjacent DRM B Port Data Output 
Cascade Input 

INJECT SBITERR INPUT ECC mode single bit wrong insertion 

ІМЕСТ DBITERR INPUT ECC mode double bit wrong insertion 

DOB[35:0] OUTPUT B port data output 

COUTA OUTPUT 64Kx1 Mode for deep cascading, adjacent DRM A Port Data Output 
Cascade Output 

COUTB OUTPUT 64Kx1 Mode for deep cascading, adjacent DRM B Port Data Output 
Cascade Output 

ECC SBITERR OUTPUT ECC mode single bit error flag 

ECC DBITERR OUTPUT ECC mode double bits error flag 

ECC PARITY[7:0] OUTPUT ECC Code Check Digit Output 

ECC RDADDR[S8:0] OUTPUT ECC Decode read address output 


Note: For detailed port usage instructions of DRM, see Appendix DRM Port Signal Description. 
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Table 4 GTP_DRM36K_E1 Parameter Description 


PARAMETER NAME DESCRIPTION DEFAULTS SETTINGS 
A Port address extension | 
CSA MASK[2:0] : 3'B000 077 
control signal 
B Port address extension 
CSB MASK([2:0] | BE 3'B000 077 
control signal 
DATA, WIDTH. A олы ы. 18 1,2,4,8,16,32,9,18,36,64,72 
- - width 
B port data maximum bit 
DATA WIDTH B а 18 1,2,4,8,16,32,9,18,36,64,72 
= - width 
"NORMAL WRITE" 
WRITE MODE A A port write mode "NORMAL WRITE" "TRANSPARENT WRITE" 
"READ BEFORE WRITE" 
"NORMAL WRITE" 
WRITE MODE B B port write mode "NORMAL WRITE" "TRANSPARENT WRITE" 
"READ BEFORE WRITE" 
. 0: Disable output register 
DOA REG A port output register 0 1 
= 1: Enable output register 
. 0: Disable output register 
DOB REG B port output register 0 . 
E 1: Enable output register 
RST TYPE Reset mode selection "SYNC" E кн Ой 
i 
n "ASYNC" : Asynchronous reset 
"TRUE DUAL, PORT" : Dual-port RAM 
"SIMPLE DUAL PORT" : simple dual port 
RAM MODE RAM mode selection "TRUE DUAL PORT" RAM 
"SINGLE PORT" : single-port RAM 
"ROM" : ROM 
Global reset enable signal "FALSE": Do not enable global reset; 
GRS EN | "TRUE" n й | 
- (on-chip) TRUE": Global reset is enabled. 
ООА REG. CLKINV A Port output register clock 0 0: clock does not roll over 
toggle change 1: clock rollover 
B Port output register clock 0: clock does not roll over 
DOB_REG_CLKINV 0 
лето toggle change 1: clock rollover 
RSTA VAL ы ӘПЕРЕ 3680 3610 0000 0000"36'hF FFFF FFFF 
RSTB VAL 2 шаа ыы 3680 36'h0 0000. 0000%36!ҺҒ FFFF. FFFF 
"МОМЕ" : no hard cascading 
"UPPER ": As a hard cascade data output 
RAM  CASCADE 64Kx1 hard cascade mode "NONE" module 
"LOWER ": as a hard cascade add-on 
module 
ECC WRITE EN ECC write mode enable "FALSE" fe quique 
x E "TRUE" : disable 
"FALSE" : enable 
ECC read mode enable n 
ECC READ EN FALSE ТИИ 
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RAM initialization 


INIT. 00 
INIT 01 configuration parameters, 
щ lease refer to Аррепа! 
INIT. 02 аўны Aan 288'HO 0 ~2^288-1 
Initialization Configuration 
шкі Parameter Mapping for 
INIT 7F details 
Initialization file path, this "NONE" : If no initialization file is 
parameter is only valid in specified, the initialization data is the 
behavioral simulation, the parameter INIT_XX The value of the 
initialization data of RAM setting; "XXX" : XXX Indicates the specific 
INIT_FILE ere ee "NONE" КЕТЕ я с 
= comes from the initialization initialization file path , and overrides the 
configuration parameter parameter INIT XX in the behavior 
INIY XX when generating the simulation as 
netlist synthetically for DRM initial value of 
Data cascading coordinates 
duming ВЕМНОКЕЯ аа ШЕ; View Cascade DRM depending on the 
BLOCK X used to map the same 0 ) 
при нач Е : coordinates 
initialization file to different 
cascading DRMs 
Address cascading 
coordinates during DRM36K | Я 
BLOCK Y cascading, used to map the 0 ЖЕТ ніча DEM depending опише 
Mcd IND coordinates 
same initialization file into 
different cascading DRMs 
The maximum bit width of 
Са перон зв авав В View Cascade DRM Depends on the 
RAM DATA WIDTH used to map the same 18 
= - КӘНЕКИ Е : number 
initialization file to different 
cascading DRMs 
The maximum bit width of 
Hie aadress ater DRM View Cascade DRM Depends on the 
RAM_ADDR_WIDTH cascading is used to map the 11 
NOME Е number 
same initialization file to 
different cascading DRMs 
CUN | "BIN" : binary 
INIT FORMAT Initialization file format "BIN" 


"HEX" : hexadecimal 


Note: SDP mode does not support read-write mode setting. When using GTP to configure DRM as SDP 
mode, you cannot manually modify and set the read-write mode parameter WRITE_MODE_A/B. 
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(2) GTP DRM18K E1 


Instantiate СТР DRM18K E1 to implement DP, SDP, SP, ROM modes. The block diagram of the GTP 
structure is shown in the figure below. See Table 5 and Table 6 for port description and parameter 
description. See the appendix for instantiated templates. 


— — — > ADDRA[13:0] 


------ ADDRA HOLD 
— — > DIA[17:0] 
— > WEA 

— — CLKA 
— CEA 
——————» ORCEA 

— — > RSTA DOA[17:0] — —* 
------ ADDRB[13:0] 
— ———» ADDRB HOLD DOB[17:0] > 
— — —*  pIB[17:0] 
— — —»| WEB 
— — hn CLKB 
-----> СЕВ 

— — —» ORCEB 
— P» RSTB 


------ BWEA[3:0] 


— — ВУЕВ[1:0] 


Figure 2 GTP DRM18K E1 Structure Diagram 


Table 5 GTP. DRM18K E1 port description 


ADDRA[13:0] INPUT A port input address 
ADDRA HOLD INPUT A port address input selection 
DIA[17:0] INPUT A port data input 
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WEA INPUT A port write enable 

BWEA[3:0] INPUT A Port Byte Write Enable 

CLKA INPUT A port clock 

CEA INPUT A Port Input Register Clock Enable 
ORCEA INPUT A Port output register clock enable 
RSTA INPUT A PORT DATA REGISTER RESET 
DOA[17:0] OUTPUT A port data output 

ADDRB[13:0] INPUT B port input address 

ADDRB HOLD INPUT B port address input selection 
DIB[35:0] INPUT B port data input 

WEB INPUT B port write enable 

BWEB[1:0] INPUT B port Byte Write Enable 

CLKB INPUT B port clock 

CEB INPUT B Port Input Register Clock Enable 
ORCEB INPUT B Port output register clock enable 
RSTB INPUT B PORT DATA REGISTER RESET 
DOB[17:0] OUTPUT B port data output 


Note: For detailed port usage instructions of DRM, see Appendix DRM Port Signal Description. 


Table 6 СТР DRM18K E1 Parameter Description 


PARAMETER NAME DESCRIPTION DEFAULTS SETTINGS 

DATA WIDTH. A ыыт ION ait 18 1,2,4,8,16,32,9,18,36 
width 

РАТА WIDTH. B 1 шанаш 18 1,2,4,8,16,32,9,18,36 


"NORMAL WRITE" 
WRITE MODE A A port write mode "NORMAL WRITE" "TRANSPARENT WRITE" 
"READ BEFORE WRITE" 


"NORMAL WRITE" 
WRITE MODE B B port write mode "NORMAL WRITE" "TRANSPARENT WRITE" 
"READ. BEFORE WRITE" 


0: Disabl tput ist 
DOA REG A port output register 0 оона TE a 
1: Enable output register 
0: Disable output register 
DOB REG B port output register 0 | di 8 
1: Enable output register 
. "SYNC" : Synchronous reset 
RST TYPE Reset mode selection "SYNC" й i 
- ASYNC" : Asynchronous reset 
"TRUE DUAL PORT" : Dual-port RAM 
"SIMPLE DUAL PORT" : simple dual port 
RAM MODE RAM mode selection 18'BO RAM 
"SINGLE PORT" : single-port RAM 
"ROM" : ROM 
GRS EN Global reset enable signal 18°80 e Do not ende global reset; 
= (on-chip) TRUE": Global reset is enabled. 
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DOA_REG_CLKINV 


Clock Inversion of Port A 
Output Register 


"TRUE_DUAL_PORT" 


: clock does not roll over 
: clock rollover 


DOB_REG_CLKINV 


Clock Inversion of Port B 
Output Registers 


"TRUE" 


: clock does not roll over 


го го 


: clock rollover 


RSTA VAL 


A Port output set / reset 
value 


18'hO0 0000-1813. FFFF 


RSTB VAL 


B Port output set / reset 
value 


18'hO0 0000718'h3 FFFF 


INIT. 00 
INIT. 01 
INIT. 02 


INIT. 3F 


RAM initialization 
configuration parameters, 
please refer to Appendix 
Initialization Configuration 
Parameter Mapping for 
details 


288'BO 


0^2^288- 1 


INIT FILE 


Initialization file path, this 
parameter is only valid in 
behavioral simulation, the 
initialization data of RAM 
comes from the initialization 
configuration parameter 
INIY XX when generating 
the netlist synthetically 


"NONE" 


"NONE": If no initialization file is 
specified, the initialization data is the 
value set by the parameter INIT_XX; 
"XXX": XXX indicates the specific 
initialization file path, and the parameter 
INIT_XX is overridden in the behavior 
simulation as the initial value of DRM 


BLOCK_X 


Data cascading coordinates 
during DRM18K cascading, 
used to map the same 
initialization file to different 
cascading DRMs 


Depends on cascading DRM coordinates 


BLOCK_Y 


Data cascading coordinates 
during DRM18K cascading, 
used to map the same 
initialization file to different 
cascading DRMs 


Depends on cascading DRM coordinates 


RAM_DATA_WIDTH 


The maximum bit width of 
data after DRM cascading is 
used to map the same 
initialization file to different 
cascading DRMs 


Depends on the number of cascaded 
DRMs 


RAM_ADDR_WIDTH 


The maximum bit width of 
the address after DRM 
cascading is used to map the 
same initialization file to 
different cascading DRMs 


11 


Depends on the number of cascaded 
DRMs 


INIT_FORMAT 


Initialization file format 


"BIN" 


"BIN" : binary 
"HEX" : hexadecimal 


Note: SDP mode does not support read-write mode setting. When using GTP to configure DRM as 


SDP mode, you cannot manually modify and set the read-write mode parameter WRITE_MODE_A/B. 
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(3) GTP FIFO36K E1 


2. GTP Description 


Instantiate СТР FIFO36K E1 to implement FIFO mode. The block diagram of the GTP structure 15 
shown in the figure below. See Table 7 and Table 8 for port description and parameter description. See 
the appendix for instantiated templates. 


-> DI[71:0] 


————» МаК 


АД МСЕ 


— ———» RCLK 


— —h* ORCE 


------ JNJECT SBITERR 


— INJECT DBITERR 


DO[71:0] ———> 


FULL . 


ALMOST FULL > 


EMPTY ———~ 


ALMOST EMPTY > 


ECC SBITERR — —* 


ECC DBITERR —— ——- 


Figure З СТР FIFO36K ЕТ structure diagram 


Table 7 GTP. FIFO36K E1 port description 


DI[71:0] INPUT Data writing 
WCLK INPUT Write clock signal 
RCLK INPUT Read clock signal 
innek.ru 19/ 103 Titan2 Series FPGA Dedicated RAM module 


PYA 


https: 


2. GTP Description 


WCE INPUT Write enable signal 
RCE INPUT Read enable signal 
RST INPUT Reset signal 
ORCE INPUT Output register clock enable signal 
INJECT_SBITERR INPUT ECC mode single bit wrong insertion 
INJECT_DBITERR INPUT ECC mode double bit wrong insertion 
DO[71:0] OUTPUT Data readout 
EMPTY OUTPUT Read Port Read Empty Flag 
FULL OUTPUT Write port full flag 
ALMOST_EMPTY OUTPUT Read port will null flag 
ALMOST FULL OUTPUT Write port almost full flag 
ECC SBITERR OUTPUT ECC mode single bit error flag 
ECC DBITERR OUTPUT ECC mode double bits error flag 
Table 8 GTP FIFO 36K E1 Parameter Description 
PARAMETER NAME DESCRIPTION DEFAULTS SETTINGS 
й . "TRUE": enable global reset; 
GRS EN Global reset enable signal (on-chip) "TRUE" 
"FALSE": Do not enable global reset. 
DATA WIDTH FIFO data width 18 ТСИ pa cad Rae 
= 36, 64, 72 
Asynchronous / synchronous FIFO à " "TRUE": use synchronous FIFO ; 
ane choose FALSE "FALSE": use asynchronous FIFO. 
DATA_WIDTH= 
1bit: 
sync FIFO :1732767 
async FIFO :1732764 
2bits: 
sync FIFO :1716383 
async ҒІҒО:1%16380 
Abits: 
sync FIFO :1^8191 
The almost_full flag is generated async FIFO:1~8188 
when the FIFO is almost full and the 8/9bits: 
ALMOST FULL OFFSET difference between the write and 15'H0004 
read pointer positions is equal to Suns eae 
ALMOST. FULL OFFSET. async FIFO: 174092 
16/18bits: 
sync FIFO :172047 
async FIFO :172044 
32/36bits: 
sync НЕО: 171023 
async FIFO : 171020 
64/7 2bits: 
sync FIFO : 17511 
async FIFO : 17508 
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DATA WIDTH- 
1bit: 
sync FIFO :1732767 
async FIFO :4732767 
2bits: 
sync FIFO :1716383 
async FIFO: 4716383 


4bits: 
sync FIFO :178191 
The almost, empty flag is generated async FIFO: 48191 
when the FIFO is about to be empty 8/9bits: 


ALMOST EMPTY OFFSET and the difference between the read 15'H0004 
and write pointer positions is equal 
to ALMOST EMPTY OFFSET. 


sync FIFO :174095 

async FIFO: 474095 
16/18bits: 

sync FIFO :172047 

async FIFO : 472047 
32/36bits: 

sync FIFO : 171023 

async FIFO : 4~1023 
64/7 2bits: 

sync FIFO : 17511 

async FIFO : 4^511 


ECC_WRITE_EN Write port ECC mode enable "FALSE" eee 
i 
- =, P "FALSE": Disabled. 
"TRUE": enable; 
Read t ECC mod bl " п ў 
ECC READ EN ead por mode enable FALSE "FALSE": Disabled. 
RST VAL Output set / reset value 7280 и сос епоса 0000-00007 
шри valu 
= Р 72 ЕЕ БЕРЕ FFFF FFFF FFFF 
1: Enable read empty flag; 
USE EMPTY Enable read empty flag 0 . ds 
zi 0: Disable read empty flag. 
1: Enable the full flag; 
enable full fla 
USEFUL Ё 8 0 0: Disable write full flag. 
. 1: enable; 
DO REG Enable Output Register Enable 0 й 
= 0: disable 
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(4) GTP FIFO18K E1 


Instantiate GTP FIFO18K E1 to implement FIFO mode. The block diagram of the GTP structure is 
shown in the figure below. See Table 9 and Table 10 for port description and parameter description. See 
the appendix for instantiated templates. 


— — > DI[35:0] 
DO[35:0] ———> 


————» WCLK 


FULL ~~= 


— WCE 


ALMOST FULL 7 
-----, КСК 2 


EMPTY ———- 


——»| RCE 


— ——», RST ALMOST ЕМРТУ + 


—~ ORCE 


Figure 4 GTP FIFO18K E1 structure diagram 


Table 9 СТР FIFO18K ЕТ port description 


PORT NAMING INPUT / OUTPUT DESCRIPTION 
DI[35:0] INPUT Write data 
WCLK INPUT Write clock signal 
RCLK INPUT Read clock signal 
WCE INPUT Write enable signal 
RCE INPUT Read enable signal 
RST INPUT Reset signal 
ORCE INPUT Output register clock enable signal 
DO[35:0] OUTPUT Data readout 
EMPTY OUTPUT Read Port Read Empty Flag 
FULL OUTPUT Write port full flag 
ALMOST_EMPTY OUTPUT Read port almost empty flag 
ALMOST_FULL OUTPUT Write port almost full flag 
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Table 10 GTP_FIFO18K_E1 Parameter Description 


ALMOST_FULL_OFFSET, the 
almost_full flag is generated. 


PARAMETER NAME DESCRIPTION DEFAULTS SETTINGS 
. . "TRUE": enable global reset; 
GRS EN Global reset enable signal (on-chip ) "TRUE" 
= "FALSE": Do not enable global reset. 
DATA_WIDTH FIFO data width 18 1,2,4,8,9,16,18 
Asynchronous / synchronous FIFO "TRUE": use synchronous FIFO ; 
SYNC_FIFO "FALSE" 
— choose "FALSE": use asynchronous FIFO. 
DATA WIDTH- 
1bit: 
sync НЕО :1716383 
async НЕО:1716380 
2bits: 
sync FIFO :178191 
async НЕО:178188 
When the FIFO is almost full and th iens 
ребра талан КОД sync FIFO :1~4095 
difference between the write and 
ALMOST_FULL_OFFSET read pointer positions is equal to 14'H0004 async FIFO: 174092 


8/9bits: 
sync FIFO :172047 


async FIFO :172044 


16/18bits: 
sync FIFO : 171023 


async FIFO : 171020 


32/36bits: 
sync FIFO: 17511 


async FIFO : 17508 
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DATA WIDTH- 

1bit: 
sync НЕО :1716383 
async НЕО: 4716383 


2bits: 
sync FIFO :178191 


async FIFO: 478191 


Abits: 


When the FIFO is about to be empty sync FIFO :1~4095 


and the difference between the 


ALMOST_EMPTY_OFFSET read and write pointer positions is 14'H0004 async FIFO: 474095 
equal to ALMOST EMPTY OFFSET, 8/9bits: 
the almost empty flag is generated. sync FIFO :172047 
async FIFO : 472047 
16/18bits: 


sync FIFO : 1~1023 
async FIFO : 4~1023 


32/36bits: 
sync FIFO: 17511 


async FIFO : 4~511 


RST_VAL Output set / reset value 36'HO 36'hO — 36'hF_FFFF_FFFF 
1: Enabl d ty flag; 
USE_EMPTY Enable read empty flag 0 ne иь 
Е 0: Disable read empty flag. 
1: Enable the full flag; 
Enable full fla 
ЗЕЕ à 8 0 0: Disable write full flag. 
. 1: enable; 
DO REG Enable Output Register Enable 0 А 
- 0: disable 
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3. DP model 


(1) Model introduction 


The port mode of the RAM is determined by the parameter RAM_MODE, when the value of the 
parameter RAM_MODE is "TRUE_DUAL_PORT", the RAM enters the dual port mode. This article will 
introduce 36K DP RAM in detail. The structure and function of 18K and 36K are basically the same, only 
the bit width is different. 

DP RAM supports: 

e Dual port read operation 

e Dual port write operation 

е A/B port read, B/A port write operation 

e Two ports have independent bit width setting 


(2) Data port 

In DP RAM mode, DP RAM has two completely independent ports except for sharing DRM content: 
A port and B port, and their structures are completely symmetrical. The figure below shows the block 
diagram of 36K DP RAM. 


-----» ADDRA[15:0] ADDRB[15:0] 4———— 
----- ADDRA HOLD ADDRB HOLD -«— —— 
— — >» DIA[35:0] DIB[35:0] 4———— 
— — > CSA[2:0] CSB[2:0] ч —— 
— True Dual Port i 
-----> СКА RAM CLKB <———— 
— CEA CEB «———— 
— — —». ORCEA ORCEB |4----- 
------ BWEA[7:0] BWEB[3:0] 4——— 
— ——*- RSTA ВТВ [*— — 
4— ——. DOA[35:0] рОВ|35:01-- 


Figure 5 DP RAM data port 
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The table below lists the DP Port names and port descriptions in RAM mode. 


Table 11 DP RAM Port name and description 


ORT NAME |DIREC DESCRIPTION PORT NAME |DIRECT DESCRIPTION 
TION ION 


P 
ADDRA INPUT | A port address input ADRDB INPUT | B port address input 
ADDRA HOLD INPUT | A Port address latch signal ADRDB HOLD INPUT | B Port address latch signal 
D INPUT | A port data input INPUT | B port data input 
S INPUT | A port address extension INPUT | B port address extension 
WEB INPUT | B port write enable 
CLKA INPUT | A port clock CLKB INPUT | B port clock 
E 
B 


ов 
[wee 
ӘЛЕ INPUT | A Port Input Register Clock B Port Input Register Clock 
Enable Enable 
ORCEA INPUT | A Port output register clock | ORCEB INPUT | B Port output register clock 
ee ee 
RESET 
| [WEB — І 


BWEA INPUT | A port byte enable signal BWEB INPUT | B port byte enable signal 
[Doa јриту A port data output OUTPUT | B port data output 


Note: 18K DRM has no CSA/CSB port and does not support address extension. If DRM cascading is 
required for address depth extension, it is recommended to use 36K DRM. 


C 
М 
С 


INPUT | A port write enable 
A 
A 


(3) Bit width combination 


The port bit width of RAM is determined by the parameter DATA WIDTH A/DATA WIDTH B in GTP. 
For example, when the value of parameter DATA WIDTH A is 4, the data bit width of port A is set to 4 
bits. DP mode supports A and B ports to set different data bit widths. 

The following table shows the allowed bit width combination of True Dual Port RAM mode in 36K 
DRM mode. 


Table 12 36K DRM mode True Dual port RAM Mode Allowed Bitwidth Combinations 


B PORT 
32KX1 16KX2 | 8KX4 | 4KX8 | 2KX16 1KX32 4KX9 | 2КХ18 | 1KX36 


A PORT 


Note : V indicates the supported bit width combinations. 
The following table shows the allowed bit width combination of True Dual Port RAM mode in 18K 
DRM mode. 
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Table 13 18K DRM mode True Dual port RAM Mode Allowed Bitwidth Combinations 


Note : V indicates the supported bit width combination. 


(4) Timing parameters 


The table below is DRM Description of typical timing parameters: 


Table 14 DRM Typical Timing Parameters 
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PARAMETER CONTROL SIGNAL DESCRIPTION 
tcs Clock enable signal setup time 
CEA/B | - 
Есен Clock enable signal hold time 
twts Write enable signal setup time 
WEA/B | 
twtH Write enable signal hold time 
tcss Address expansion signal setup time 
CSA/B : ; | 
(сен Address extension signal hold time 
tees Byte Write Enable Signal Setup Time 
BEA/B 7 7 7 
ТВЕН Byte write enable signal hold time 
taps Address input signal setup time 
ADA/B 
tapH Address input signal hold time 
tapss Address input selection signal setup time 
ADSA/B — - 
Тдобн Address input selection signal hold time 
tps Data input signal setup time 
DA/B я я я 
Тон Data input signal hold time 
tocts Output Register Enable Signal Setup Time 
OCEA/B - я 
ТОСЕН Output register enable signal hold time 
trsts Output Register / Latch Synchronous Reset Signal Setup Time 
RSTA/B 
trstH Output Register / Latch Synchronous Reset Signal Hold Time 
trsTRC Output register / latch asynchronous signal recovery time 
RSTA/B 
trstRM Output register / latch asynchronous signal removal time 
tco Delay of data output relative to clock edge (output unregistered 
CLK toQ ) 
tco oR Delay of data output relative to clock edge (output register ) 
tro Data output relative reset effective delay (output unregistered) 
RST to Q - - - 
То OR Data output relative reset valid delay (output register ) 


Note: For detailed timing parameter description, see " 05050001 Titan2 Series FPGA Device Data Sheet". 


The following figure is the timing diagram of DRM. In the figure, the write timing takes the A port TW 
write mode as an example, and the B port write mode is the same. For the write timing of other write 
modes, see Section (5) of this chapter. Under different write modes, the read timing is similar. Reset timing 
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takes asynchronous reset as an example. When using synchronous reset, the reset signal needs to meet 
the setup time and hold time requirements. 


1 2 3 4 5 
CLKA | 
ЇСЕ$ ! СЕН 
CEA | 
twes | 1 | tweH 
WEA | | ) 
less | | | | | | lesu 
CSA | | Valid CSA | | ) 
ЇвЕ$ | - Твен 
BWEA | | 2bil | 
laps | | | (ADH | | 
ADDRA | | ADDRO | | ADDRI | | ADDR2 | | ADDR3 
ips 7 | ton | 
DIA | | DO | | | 
вѕтвс | | | ÎRSTRM 
RSTA(Async) | 
. | tco \ | | tro 
DOA without output гро { Mem(ADDRI) /(Mem(ADDR2)/ RSTA VAL) 
reg(transparent write) | f i | 1 
toces | | \tockH 
ORCEA | | 
я 1 | _ !lcoon ^ г Що ок | ши 
РОА with output reg | Mem(ADDRI) | RSTA VAL 
Disabled Write Read Read Reset Disabled 


Figure 6 DRM Timing Diagram ( DP Mode A Port TW write mode ) 


Before the rising edge of the first clock, CEA, WEA, and BWEA are pulled high and meet their 
respective setup time requirements; CSA, ADDRA, and DIA signals reach a stable state and meet the setup 
time requirements; DRM correctly samples control signals, data, and address signals. , write the input 
data DO into the address ADDRO, DO appears on the output port DOA in the same cycle after the output 
delay tCO; before the rising edge of the second clock, WEA and BWEA are pulled low after meeting the 
hold time requirement, and CEA is still Keep high, ADDRA reaches a stable state and meets the setup time 
requirements; after the DRM correctly samples the control signal, data and address signal, it reads the 
data corresponding to the address ADDR1, and after the output delay tCO, it appears on the output рогі 
DOA in the same cycle; Before the rising edge of the third clock, ADDRA reaches a stable state and meets 
the establishment time requirements; after the DRM correctly samples the control signal, data and 
address signal, it reads the data corresponding to the address ADDR2, and after the output delay tCO, it 
appears in the same cycle at the output port DOA; 

Before the rising edge of the fourth clock, RSTA reaches a stable state and meets the recovery time 
requirement. After the output delay tRO, the output port DOA outputs the preset reset value RSTA VAL; 

Before the rising edge of the fifth clock, CEA is pulled low after meeting the hold time requirement, 
DRM enters the disable state, and the output port remains unchanged; 

If the output register enable ORCEA signal is valid, the DRM output data will be delayed by one cycle; 
and the reset operation will be completed in the current cycle without a cycle delay. 


https://innek.ru 29/ 103 Titan2 Series FPGA Dedicated RAM module 


Зе vad 3. DP model 


( 5 ) Read and write operations 


According to the data output from the same port when data is written, the DRM port write operation 
supports three modes: Normal Write mode (NW), Transparent Write mode (TW), and Read before Write 
mode (RBW). The default write operation mode is NW. The write operation mode of RAM is determined 
by the parameter WRITE MODE A/WRITE MODE B in GTP. When the value of parameter 
WRITE MODE А is "NORMAL WRITE", the write operation mode of port A of DRM is set to NW. In 
different write modes, the read timing is similar. 

The DP mode has two relatively independent ports, if the same address is read and written through 
the two ports at the same time, it will cause conflicts. DRM prohibits two ports from writing data to the 
same address at the same time, and prohibits two ports from reading and writing the same address at the 
same time, which needs to be avoided by user logic in practical applications. 


1. Normal Write mode 


The read and write timing diagram of Normal Write mode is as shown in the figure below. When the 
user writes data from a port of DRM, the output data of this port will not be updated at this time. 


CLKA і \ í È / \ / N d 
tces К--2 < СЕН 
СЕА / | | WE 
twes і бен 
WEA \ 
tess | =" 
С$А | Valid CSA ) 
ЇвЕ$ | ТВЕН 
BWEA | 2' 511 M 
taps | {Арн 
ADDRA рі |. ADDRO X | ADDRI H | ADDRO X 
tps і ton | 
DIA y ро Y 
DOA without output jio. L, = See 
reg(normal write) | Mem(ADDRI) X Mem(ADDRO) ў 
tocrs N 4 S СУ ЇОСЕН 
ORCEA | 
1 tco OR 
DOA with output reg 4 Mem(ADDRI) X Mem(ADDRO) X 


Figure 7 Normal Write mode Read and write sequence diagram 


2. Transparent Write mode 


The read and write timing diagram of Transparent Write mode is as shown in the figure below. When 
the user writes data from one port of DRM, the written data is directly output to the output port at the 
rising edge of the next clock cycle (after the output delay tco) when it is written to RAM. 
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CLKA —— —^ MA Ж a 
ісе 9 4 (СЕН 
СЕА | 
twes К > twreH 
WEA 
tess К ч 7 (сөн 
CSA Y Valid CSA 
tses С Ївен 
BWEA 2'bll 1 
taps K—* {Арн 
ADDRA X ADDRO M ADDRI X ADDRO X 
tps Ж бн 
DIA DO |: 
DOA without output | ы 
^ without outpu 
reg(transparent write) А po і Меш(АРОВ1) \ Mem(ADDRO) Á "T 
OCES K 7 N 7 ЮСЕН 
ОСЕА 
| < tco ок 
ПОА with output reg Mem(ADDRI) | Mem(ADDRO) У 


Figure 8 Transparent Write mode Read and write sequence diagram 


3. Read before Write mode 


As shown in the Read before Write mode read and write timing diagram, when the user writes data 
from a port of the DRM, the original data of the address index will be read first and will be read on the 
rising edge of the next clock cycle of the write operation (after the output delay tco) ) output to the output 


port. 
CLKA ^ КЕ: X m л ае 
ісе К С СЕН 
СЕА 
WEA 
tess -4 < tesy 
CSA Y Valid CSA 
(ВЕ Ж вен 
BWEA H 2'bll 
taps < Te 
ADDRA Т ADDRO ADDRI ү ADDRO X 
tps К бн 
DIA y DO 
. Б tco 
DOA without output 
reg(Read-before-Wiite) Y Mem(ADDRO) Mem(ADDRI) X Mem(ADDRO) У 
tocEs = — ——3À tocEH 
ORCEA == 
: | tco oR 
DOA with output reg Mem(ADDRI) | Mem(ADDRO) Y 


Figure 9 Read before Write mode Read and write sequence diagram 
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(6) Byte enable function 


DRM supports the Byte-Write mode of write operation, and writes selected data bytes through 
BWEA/BWEB signal (active high), while shielding the writing of other bytes of the same address index. 
This mode is mainly used to only operate on a relatively narrow data bus when the width of the data bus 
is limited. For example, only 9-bit width data can be operated on an 18-bit data bus. In DP mode, when 
the port bit width is 2" bits, the byte enable of 16/32 bit write operation is supported, and each byte 
contains 8 bits at this time. When the port bit width is 9 x 2" bits, the byte enable of 18/36 bit write 
operation is supported, and each byte contains 9 bits at this time. For example, when the data bit width 
of port A is 32 bits, BWEA contains four bits, BWEA[3] controls data[31:24]; BWEA[2] controls data[23:16]; 
апа so on. When BWEA[3:0]=4’b0001, only data[7:0] is written to the current address when the write 
operation is valid. There are two points to consider when designing: 

e Aportand B port have independent byte enable control 

A port: BWEA[7:0], BWEA[7:4] is only valid in SDP mode and SP mode, and invalid in DP mode; B port: 

BWEB[3:0] 

e The byte enable signal is always valid in x18(16) / x36(32) bit data width mode, when not in use, it 
needs to be connected to high level. 

In DP mode, the byte enable write operation mode only supports x18(16)/x36(32) write data port 
width, and the byte enable function is prohibited when the write data port width is x9(x8). The enable 
function is the same as the write enable function, and the byte enable signal in GTP is invalid. 

Byte Enable Write mode can coexist with NW, TW or RBW Write mode. The read and write sequence 
diagram of DRM in byte enable mode in TW write operation mode is shown in the following figure: 


CLKA - — TN — — — — 
WEA 

BWEA X 0000 X 1111 X oo X 1100 X 1010 

ADDRA Аррво X ADDRI У ADDR2 ( | ADDR3 

DIA X 0000 X 1111 ( 2222 ( 3333 ) 4444 

ПОА MEM(ADDRO) X MEM(ADDRI) У 1111 X 1122 X 3322 X MEM(ADDR3) 


Figure 10 Byte Enable Read and Write Timing Diagram ( TW mode ) 


(7) Internal registers 


DRM internal registers include input registers (IR), output registers (OR) and internal latches (Latch). 
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i Ð Control 
НОИ ШЕ 
Latch 
IR Array си 
> CLK ("J 73 t) 
= CLK CLK 


Figure 11 DRM Register Logic Diagram 


Port address, data, and some control signals have corresponding input registers (IR). Synchronous 
write operations can be realized through IR. IR cannot be bypassed or configured. The address latch 
selection path is built into the address input port, and its logic implementation is as follows: 


D Q > DRM{ АЛЕ 
ADDR 0 


ADDR_HOLD IR 


P CLK 


Figure 12 Address IR logic diagram 


The address latch selection channel is controlled by the address latch signal ADDRA_HOLD. If 
ADDRA_HOLD keeps high level, the output address data of the input register remains unchanged at the 
current output. The timing diagram is as follows: 


CLK А А 
taps | 
ADDR X ADDRO X ADDR1 Х ADDRO X 
lapss 5 
ADDR HOLD A — 
ч {со IR 
IR output | | ADDRO X ADDR1 X ADDR1 X 


МАН 
Figure 13 Address IR Timing Diagram 


For the data output port, DRM provides an optional output register (OR) to achieve better timing 
performance. Whether the output register is valid is determined by the GTP parameter 
DOA REG/DOB REG. For example, when DOA REG is 1, the A port output register is valid. , when 
DOA REG is O, the port A output register is bypassed. In the read operation, when the output register is 
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bypassed, the DOA/DOB output is a latch output, which is output on the same clock cycle as the read 
clock. The B port is similar. As shown in the figure below, when the port A output register is valid, it can 
be controlled by an independent clock enable signal ORCEA. When ORCEA is high, the output data of the 
output register jumps according to the input at the rising edge of each clock cycle; when ORCEA is low, 
the output data of the output register remains unchanged; ORCEA is invalid when the output register is 
bypassed. When ORCEA is a constant 1, the use of the output register will increase the delay of the A port 
read operation from one clock cycle to two clock cycles (Case 1); in the pipeline design application with 
flow control function, the user can also use logic Flexible control of ORCEA (Case 2). 


CEA / А 
ADDRA X ADDRO X ADDR1 X ADDR2 X 


DOA X MEM(ADDRO) X MEM(ADDR1) X MEM(ADDR2) 
(without output reg) 


ORCEA 


Case 1 
[ни X MEM(ADDRO) X MEM(ADDR1) X MEM(ADDR2) 
(with output reg) 


ORCEA / 


DOA Х MEM(ADDRO) X MEM(ADDR1) 
(with output reg) 


Case 2 | 


Figure 14 Read Timing with Output Register 


( 8 ) Hard cascading function 


In 36K mode, DRM supports two adjacent DRMs to be cascaded to form 64Kx1 memory without using 
external logic resources, and the A/B ports of adjacent DRMs need to be configured in 32Kx1 mode at the 
same time. The top-level cascading direction is bottom-up, as shown in the following figure: 


DIA[0] - e-» DIA[0] DIB[0] «-e- - DIB[0] 
ADDRA[14:0] е —ADDRA[14:0] ADDRB[14:0]4——e ADDRB[14:0] 
WEA €——-—WEA WEBK——-—e WEB 
CEA е %СЕА СЕВ4 е СЕВ 

CLKA -9————-9CLKA DRM CLKB.————-—e- - CLKB 
RSTA е -»ЕЗТА RAM CASCADE- “UPPER” КТВ е RSTB 
ORCEA -------ҚОСЕА ORCEBK H —— e ORCEB 
CSA[2:0] 9———-——-——-9CSA[2:0] CSB[2:0]4-2.—————--e CSB[2:0] 
ADDRA[15] ——e——.— — —— | XADDRA[15] ADDRB[15]4————— e ADDRB[15] 
DOA[O] + ; DOA[0] СІМА CINB DOB[0] » DOB[0] 
А 
»DIA[Q COUTA COUTB DIB[0]4 — 
— —.» ADDRA[14:0] ADDRB[14:0]4 — — 
» WEA WEB 
» CEA CEB, 
| » CLKA DRM CLKB | 
С» КОТА RAM CASCADE = “LOWER” К5ЭТВ — ОЛ 
LC ORCEA ОЕСЕВ | 
» CSA[2:0] CSB[2:0]« 
» ADDRA[15] ADDRB[15]« 
DOA[O] DOB[0] 


Figure 15 Hard Cascading Diagram 


In the hard cascade mode, the two cascaded DRM input control, data, and addresses need to be 
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connected from the same source, as shown in the red connection in the above figure. Simultaneous mode 
configurations (parameters other than RAM_CASCADE in GTP) need to be the same. When the parameter 
RAM_CASCADE="UPPER", cascade with the lower adjacent DRM, and the configuration of the lower DRM 
RAM_CASCADE = "LOWER". The storage of the lower DRM module of the cascade corresponds to the 
upper 32K address, and the storage of the upper DRM module corresponds to the lower 32K address. In 
the non-hard cascading mode, the address hard cascading signal, that is, the highest bit 
ADDRA[15]/ADDRB[15] of the address input of the A/B port needs to be connected to a high level input. 
The hard cascading function extends the address depth of DRM to 64K, that is, the address bit width is 
expanded from 15bit to 16bit, but the data bit width is fixed at 1. If users need to use a larger data bit 
width, they can perform data cascading through multiple hard-cascaded basic unit 64Kx1 memories (that 
is, data port splicing, and other parameters and ports remain unchanged) to form a 64KxN memory; if 
users need to use a larger address Bit width, address cascading can be performed on the basis of hard 
cascading, see the third subsection of Section (9) of this chapter for details. 

Compared with ordinary address cascading, the hard cascading function does not consume external 
logic resources, and the hard cascading performs data carry through the cascading data input and output 
terminals (CINA/CINB and COUTA/COUTB) of two adjacent DRMs, which has more good performance. 


( 9 ) Application example 


1. Single 36K DRM configuration 

This section illustrates the GTP configuration steps of a single 36K DRM. Users can also directly 
generate DRM IP through the IP Compiler tool embedded in Pango DesignSuite software. For details, see 
the "28nmDRMRAM/FIFOIP User Guide" in the IP Compiler tool. 

The example is mixed bit width DP mode, A port is configured as 4Kx8, B port is configured as 1Kx32 
and byte enable write mode is used, two ports have different clocks, output register is enabled, read and 
write mode TW. The configuration steps for 18K DRM are similar. Configure a single 36K DRM as follows: 

a. Configure the DRM parameters as described in the following table:: 


Table 15 DRM parameter configuration 


С pw в |еотриеАроцодювтое | 
ШЕШСІН 32 [evr rons 
"TRANSPARENT WRITE" 


b. Connect the ports of the DRM as shown in the table below: 


Table 16 DRM port connection 


https://innek.ru 35/ 103 Titan2 Series FPGA Dedicated RAM module 


Зе Una 3. DP model 


PORT NAME CONNECTION SIGNAL DESCRIPTION 


Connect the input address signal addra[11:0] to 

ADDRA[14:3], ADDRA[15] to high level, and 
ADDRA[15:0] {1'b1,addra[11:0],3'bO} ADDRA|2:0] to low level. For detailed address 

connection instructions, see the appendix Address and 

Data Port Mapping 

Connect the input address signal addrb[9:0] to 
ADDRB[15:0] {1'b1,addrb[9:0],5'bO} ADDRB[14:5], connect ADDRB[15] to high level, and 

connect ADDRB[4:0] to low level 


ere HOLD Do not use A/B Port address latch function, connected 
| | ADDRB НОО | HOLD to low level 


Connect the input data signal dia[7:0] to DIA[7:0], and 

DIA[35:0] dia[7:0] leave the unused high-order port of ША floating. For 
detailed data port connection instructions, see the 
appendix Address and Data Port Mapping 


Connect the input data signal dib[31:0] to the GTP 
ports (DIB[34:27], DIB[25:18], DIB[16:9], DIB[7:0]}, 
DIB[8], DIB [17], DIB[26], DIB[35] are byte additional 
information bits, see the appendix byte additional 
information bits, when the data bit width is 2^N, it is 
suspended or connected to IN (аа 


mm m зю [ваша 
| | CSB20] | 0] low level 


(1'bz, dob[31:24], 1'bz, Connect output data signals dob[31:0] to GTP 
DOB[35:0] dob[23:16], 1'bz, dob[15:8], | Ports (DOB[34:27], DOB[25:18], DOB[16:9], 
1'bz, dob[7:0]) DOB[7:0]}, DOB[8], DOB [17], DOB[26], DOB[35] 
are left floating 


(1'bO, dib[31:24], 1'bO, 
DIB[35:0] dib[23:16], 1'bO, dib[15:8], 
1'bO, dib[7:0]} 


c. Other signals of the A/B port: connect the clock, clock enable, write enable, output register clock 
enable, and data register reset of the A/B port to the corresponding GTP port; 

d. The rest of the unused parameters: the rest of the unused parameters are not set, and the default 
values are used; 

e. Other unused ports: The remaining unused ports are left open (ports that are not used and must 
be connected have been described above). The configured GTP looks like this: 


GTP DRM36K E1 #( 

.DATA WIDTH A (8), 

.DATA WIDTH B (32), 

.WRITE MODE A ("TRANSPARENT WRITE"), 
.WRITE MODE B ("TRANSPARENT WRITE"), 
.DOA REG (1), 
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(1), 
("TRUE DUAL PORT") 


) СТР DRM36K E1 inst ( 


.DOA (doa[7:0] ), // OUTPUT[35:0] 

.DOB (dob gtp[35:0]), // OUTPUT[35:0] 

. ADDRA ((1'b1,addra[11:0],3'b0)), // INPUT[15:0] 
. ADDRB ((1'bi,addrb[9:0],5'b0)), // INPUT[15:0] 
. BWEA (8'hff ), // INPUT[7:0] 

. BWEB (bweb[3:0] ), // INPUT[3:0] 

.CSA (з'ье ), // INPUT[2:0] 

.CSB (з'ье ), // INPUT[2:0] 

.DIA (dia[7:0] ), // INPUT[35:0] 

.DIB ((1'b0,dib[31:24],1'b0,dib[23:16],1'b0,dib[15:8],1'b0,dib[7:0])), // 
INPUT[35:0] 

.ADDRA HOLD _ (1780 ), // INPUT 

.ADDRB HOLD (1750 ), // INPUT 

. CEA (cea ), // INPUT 

.CEB (ceb ), // INPUT 

CLKA (clka ), // INPUT 

CLKB (clkb ), // INPUT 

ORCEA (orcea ), // INPUT 

ORCEB (orceb ), // INPUT 

RSTA (rsta ), // INPUT 

RSTB (rstb ), // INPUT 

.WEA (wea ), // INPUT 

. WEB (web ) // INPUT 

); 


assign dob[31:0] = (dob gtp[34:27],dob gtp[25:18],dob gtp[16:9],dob gtp[7:0]); 


2. Multiple 36K DRMs cascade configuration 


The cascading described in this article refers to the address depth cascading. When data cascading, 
the configuration of a single DRM is the same, only data port splicing is required, and this article will not 
describe it separately. 

The address depth cascading is performed through 36K DRM, the hard cascading function is not 
enabled, and no external logic is added to process the address. The DRM address can be cascaded up to 
3 bits (CSA/CSB bit width is 3), and the total address bit width is 18 bits; The maximum data bit width 
during data concatenation depends on the device DRM resources. 

This section illustrates the steps of GTP cascading configuration for multiple 36K DRMs. Users can 
also directly generate the IP of the cascaded DRM through the IP Compiler tool embedded in the 
PangoDesignSuite software. For details, see "28nm DRM RAM/FIFO" in the IP Compiler tool IP User 
Guide". 

In the example, 4 A/B ports are cascaded and configured as 32Kx1 DP 36K DRM, with a total data bit 
width of 2 bits and a total address bit width of 16 bits. Since 18K DRM has no address extension related 
signals and parameters, it is not recommended to use 18K DRM for cascading. The four cascaded DRMs 
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are named DRM 1 1, DRM 1 2, DRM 2 1, and DRM 2 2. Taking DRM 1 2 as an example, the first 
number 1 is the address cascading coordinate, a total of 2 levels of address cascading, the address is 
expanded from 15bit of a single DRM to 16bit; the second number 2 is the data cascading coordinate, a 
total of 2 levels of data cascading, the data is extended from 1bit of a single DRM to 2bit. When cascading 
multiple 36KDRMs, configure them as follows: 

a. Single DRM configuration: Follow the steps similar to those in Section 1 of this section to configure 
the four 36K DRMs as 32Kx1 DP36KDRMs; 

b. Configure the address extension control parameters of the DRM as described in the following 
table: 


Table 17 DRM parameter configuration 


c. Connect the cascade-related ports of the DRM as shown in the table below: 


Table 18 DRM port connection 


PORT NAME a NAME CONNECTION SIGNAL 


(2'bO, addra[15]} 


+ езе 


ADDRB[15:0] — (1'b1, addrb[14:0]) 
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https: 


DIB[35:0] 


DOA[35:0] 


DOB[35:0] 


эт —[ оо =й — —] 
[  wwzi | o dmü — - 


эми [р — dM) — _ 
[ om zi (| — di) — 


DRM 1 2 doa O[1] 
DRM 21 doa 1[0] 


DRM 2 2 doa 1[1] 
DRM 1 1 dob 010) 


ась 01 
асо 10 


ЕН 


d. Output data selection: when addra[15] is delayed by one beat through the register, when it is 0, 
the output data of port Ais doa 0[1:0]; when it is 1, the output data of port A is doa 1[1:0], and port В is 
also the same as similar to 

The configured GTP looks like this: 


GTP DRM36K E1 ЖҚ 


.CSA MASK 
.CSB MASK 


(3'bee0), 
(3'be00), 


.DATA WIDTH A (1), 
.DATA WIDTH B (1), 


«ВАМ MODE 

) DRM_1 1 ( 
.DOA 

.DOB 

. ADDRA 

. ADDRB 
„ВМЕА 

. BWEB 

.CSA 

.CSB 

.DIA 

.DIB 

.ADDRA HOLD 
.ADDRB HOLD 
.CEA 

.CEB 


innek.ru 


("TRUE DUAL PORT") 


((doa 0[0])), // OUTPUT[35:0] 

((dob 0[0])), // OUTPUT[35:0] 
({1'b1,addra[14:0]}), // INPUT[15:0] 
({1'b1,addrb[14:0]}), // ТМРИТ| 15:01 
(8'hff  ), // INPUT[7:0] 

(4'hf ), // INPUT[3:0] 

(12 "50, аддга| 151)), // INPUT[2:0] 
({2'b@,addrb[15]}), // INPUT[2:0] 
((dia[0]) ), // INPUT[35:0] 
((dib[0]) ), // INPUT[35:0] 

(addra hold), // INPUT 

(addrb hold), // INPUT 

(cea ), // INPUT 

(ceb ), // INPUT 
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.CLKA (clka ), // 
.CLKB (clkb ), // 
.ORCEA (150), // 
.ORCEB (150), // 
.RSTA (rsta ), // 
.RSTB (rstb ), // 


„МЕА (меа 


), // 


INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 


.WEB (web ) // INPUT 


); 


GTP DRM36K E1 #( 
(3'bo00), 
(3'be00), 
.DATA WIDTH A (1), 
.DATA WIDTH B (1), 


.CSA MASK 
.CSB MASK 


«ВАМ MODE 

) DRM 1_2 ( 
.DOA 

.DOB 

. ADDRA 

. ADDRB 
«ВИЕА 

. BWEB 

.CSA 

.CSB 

.DIA 

.DIB 

.ADDRA HOLD 
.ADDRB HOLD 
.CEA 

.CEB 

.CLKA 

.CLKB 

. ORCEA 

. ORCEB 
.RSTA 

.RSTB 

WEA 

.WEB 


); 
GTP DR 
M36K E 
1 #( 


шпеКги 


("TRUE DUAL PORT") 


((doa 0[1])), // OUTPUT[35:0] 
((dob 0[1])), // OUTPUT[35:0] 


({1'b1,addra[14:0]}), // INPUT[15:0] 
({1'b1,addrb[14:0]}), // INPUT[15:0] 


(8'hff 
(4'hf 


(12 "50, аддга| 151)), // INPUT[2:0] 
({2'b@,addrb[15]}), // INPUT[2:0] 


), // INPUT[7:0] 
), // INPUT[3:0] 


({dia[1]} ), 
({dib[1]} ), 
(addra hold), // 
(addrb hold), // 


(cea 
(ceb 
(clka 
(clkb 
(1'be 
(1'be 
(rsta 
(rstb 
(wea 
(web 


// 
// 


// 
// 
// 
// 
// 
// 
// 
// 
// 
// 


INPUT[35:0] 
INPUT[35:0] 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
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https: 


.CSA_MASK 
.CSB MASK 
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(3'b001), 
(37001), 


.DATA WIDTH А (1), 
.DATA WIDTH В (1), 


«ВАМ MODE 


) рам 2 1 ( 
.DOA 

.DOB 

. ADDRA 

. ADDRB 
.ВМЕА 

.ВМЕВ 

.CSA 

.CSB 

.DIA 

.DIB 

.ADDRA HOLD 
.ADDRB HOLD 
.CEA 

.CEB 

.CLKA 

.CLKB 

. ORCEA 

. ORCEB 
.RSTA 

.RSTB 

„МЕА 

. WEB 


33 
GTP DR 
M36K E 


1 #( 
.CSA MASK 
.CSB MASK 


("TRUE DUAL PORT") 


((doa 1[0])), // OUTPUT[35:0] 
((dob 1[0])), // OUTPUT[35:0] 
({1'b1,addra[14:0]}), // INPUT[15:0] 
({1'b1,addrb[14:0]}), // ТМРИТ| 15:01 
(8'hff  ), // INPUT[7:0] 

(4'hf ), // INPUT[3:0] 

(12 "50, аддга| 151)), // INPUT[2:0] 
({2'b@,addrb[15]}), // INPUT[2:0] 
({dia[@]} ), // INPUT[ 35:0] 
({dib[@]} ), // INPUT[ 35:0] 
(addra_hold), // INPUT 
(addrb_hold), // INPUT 

(cea ), // INPUT 
(сер), // INPUT 

(clka ), // INPUT 

(Clkb.. ), // INPUT 

(1150 ), // INPUT 

(1158 ), // INPUT 

(рэта ), // INPUT 

(rstb ), // INPUT 

(wea ), // INPUT 

(web ) // INPUT 


(3'b001), 
(3001), 


„РАТА WIDTH A (1), 
„РАТА WIDTH В (1), 


«ВАМ MODE 

) рам 2 2 ( 
.DOA 

.DOB 

. ADDRA 

. ADDRB 
«ВИЕА 


innek.ru 


("TRUE DUAL PORT") 


((doa 1[1])), // OUTPUT[35:0] 

((dob 1[1])), // OUTPUT[35:0] 
({1'b1,addra[14:0]}), // INPUT[15:0] 
({1'b1,addrb[14:0]}), // ТМРИТ| 15:01 
(8'hff  ), // INPUT[7:0] 
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. BWEB (4'hf ), // INPUT[3:0] 

.CSA (12 "50, аддга| 1514), // INPUT[2:0] 
„С5В (12 "50, аддгЬ| 1518), // INPUT[2:0] 
„ОТА ((dia[1]) ), // ТМРОТ| 35:01 

.DIB ((dib[1]) ), // INPUT[35:0] 


.ADDRA HOLD (addra hold), // INPUT 
.ADDRB HOLD (addrb hold), // INPUT 


.CEA (cea ), // INPUT 
.CEB (ceb ), // INPUT 
.CLKA (clka ), // INPUT 
.CLKB (clkb ), // INPUT 
. ORCEA (1780 ), // INPUT 
.ORCEB (1780 ), // INPUT 
.RSTA (rsta ), // INPUT 
.RSTB (rstb ), // INPUT 
.WEA (wea ), // INPUT 
.WEB (web ) // INPUT 
); 


// output data selection 
always @(posedge clka or 
posedge rsta) begin 
if (rsta) 
sel a «- 1'b6; 
else if 
(4^addra hold & 
cea) sel a «- 
addra[15]; 
end 
always @(posedge clkb ог 
posedge rstb) begin 
if (rstb) 
sel b «- 1'b6; 
else if 
(^addrb hold & 
ceb) sel b «- 
addrb[15]; 
end 
assign doa[1:0] = (sel a)?doa 1[1:0]:doa 0[1:0]; 
assign dob[1:0] = (sel b)?dob 1[1:0]:dob 0[1:0]; 


3. Multiple 36K DRM hard cascade configuration 


Hard cascading through 36K DRM, every two 36K DRMs are hard cascaded to form а 64Kx1 memory, 
a total of 16bit address width, and then 3bit (CSA/CSB bit width is 3) address depth cascading, without 
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adding external logic to the address For processing, the maximum address bit width after cascading is 
19bit. 

This section illustrates the steps of GTP hard cascading configuration for multiple 36K DRMs. Users 
can also use the IP Compiler tool embedded in Pango Design Suite software to check the resource type as 
DRM6AK to directly generate hard cascading DRM ІР. For details, see IP Compiler tool in “28nm DRM 
RAM/FIFO IP User Guide" . 

The 36K DRM is configured as a fixed 32Kx1 mode during hard cascading. Two 36K DRMs are hard 
cascaded together to form a hard cascaded basic unit 64Кх1 memory. The example cascaded 8 А/В ports 
are configured as 32Kx1 DP З6КОЕМ, the total data bit width is 2bit, and the total address bit width is 
17bit. 18K DRM does not support hard cascading. 

The 8 DRMs are named DRM 1 1 upper, DRM 1 1 lower, DRM 1 2 upper, DRM 1 2 lower, 
DRM 2 1 upper, DRM 2 1 lower, DRM 2 2 upper, DRM 2 2 lower. Taking DRM 1 2 upper as an 
example, the first number 1 is the address cascading coordinates, a total of 2 levels of address cascading, 
the address is expanded from 16 bits of a single hard cascading basic unit to 17 bits; the second number 
2 is the data cascading coordinates, a total of 2 Level 2 data cascading, the data is expanded from 1 bit of 
a single DRM to 2 bits; the third word upper represents the 36K DRM above the hard cascading. 

When hard-cascading multiple 36K DRMs, configure them as follows: 

a. Single DRM configuration: Follow the steps similar to Section 1 of this section to configure 8 36K 
ОКМ as 32Kx1 DP36KDRMs; 

b. Configure the address extension control parameters of the DRM as described in the following 


table: 
Table 19 DRM parameter configuration 
PARAMETER NAME DRM NAME CONFIGURATION VALUE 
DRM 1 1 upper 3'6000 
DRM 1 1 lower 3'6000 
DRM 1 2 upper 3'6000 
DRM 1 2 lower 3'6000 
АМАМ DRM 2 1 upper 3'6001 
DRM 2 1 lower 3'6001 
DRM 2 2 upper 3'6001 
DRM 2 2 lower 3'6001 
DRM 1 1 upper 3'6000 
DRM 1 1 lower 3'6000 
DRM 1 2 upper 3'6000 
DRM 1 2 lower 3'6000 
EMER DRM 2 1 upper 3'6001 
DRM 2 1 lower 3'6001 
DRM 2 2 upper 3'6001 
DRM 2 2 lower 3'6001 


c. Connect the cascade-related ports of the DRM as shown іп the table below: 
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Table 20 DRM port connection 


PORT NAME DRM NAME CONNECTION SIGNAL 
CSA 
CSB 


DRM 1 1 upper 
DRM 1 1 lower 
DRM 1 2 upper 
DRM 1 2 lower 
(2'bO, addra[16]} 
ОКМ 2 1 иррег 
DRM 2 1 lower 


DRM 1 2 lower 

(2'bO, addrb[16]} 
DRM 2 1 upper 
DRM 2 1 lower 


DRM 2 2 upper 
DRM 2 2 lower 


E - 
аррнанех ЖЕТ 


DRM 1 2 upper 


ioonid fidelio 


E 
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ШЕШЕТІН БЕНЕН БЕНЕН 
[ omwziwer | — de  — | 
oma ower | — | 
кп 
"— 


d. Output data selection: when addra[16] is delayed by one beat through the register, when it is O, 
the output data of port Ais doa 0[1:0]; when it is 1, the output data of port A is doa 0[1:0], and port В is 
also the same as similar to 


e. Perform hard cascading parameter configuration and hard cascading port connection for the two 
DRMs corresponding to each hard cascading basic unit according to the upper and lower respectively as 
described in Section (8) of this chapter. 

The configured GTP looks like this: 


GTP DRM36K E1 #( 

.CSA MASK (3'b000), 

.CSB MASK (3'b000), 

.DATA WIDTH A (1), 

.DATA WIDTH B (1), 

.RAM MODE ("TRUE DUAL PORT"), 

.RAM CASCADE ("LOWER") 

) DRM 0 0 lower ( 

.DOA ( ), // OUTPUT[35:0] 

.DOB ( ), // OUTPUT[35:0] 

.ADDRA ({addra[15:0]}), // INPUT[15:0] 
.ADDRB ({addrb[15:0]}), // INPUT[15:0] 
.BWEA (8'hff ), // INPUT[7:0] 

.BWEB (4'hf ), // INPUT[3:0] 

.CSA ({2'b@,addra[16]}), // INPUT[2:0] 
.CSB ({2'b@,addrb[16]}), // INPUT[2:0] 
.DIA ({dia[@]} ), // INPUT[35:0] 

.DIB ({dib[@]} ), // INPUT[35:0] 
.ADDRA HOLD (1'b@ ), // INPUT 

.ADDRB HOLD (1'b@ ), // INPUT 

.CEA (1'b1 ), // INPUT 

.CEB (1'b1 ), // INPUT 

.CLKA (clka ), // INPUT 
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.CLKB (clkb ), // INPUT 

.ORCEA (1'b@ ), // INPUT 

.ORCEB (1'b@ ), // INPUT 

.RSTA (rsta ), // INPUT 

.RSTB (rstb ), // INPUT 

„НЕА (wea ), // INPUT 

.WEB (web ), // INPUT 

.CINA ( ), // INPUT 

.CINB ( ), // INPUT 

.COUTA (couta[0] ), // OUTPUT 
.COUTB (coutb[0] ) // OUTPUT 

); 

GTP DRM36K E1 #( 

.CSA MASK (3'b000), 

.CSB MASK (3'b000), 

.DATA WIDTH A (1), 

.DATA WIDTH B (1), 

.RAM MODE ("TRUE DUAL PORT"), 

.RAM CASCADE ("UPPER") 

) DRM 0 0 upper ( 

„ПОА ((doa 0191), // OUTPUT[35:@] 
.DOB ((dob 0191), // OUTPUT[35:@] 
.ADDRA ({addra[15:0]}), // INPUT[15:0] 
.ADDRB ({addrb[15:0]}), // INPUT[15:0] 
.BWEA (8'hff ), // INPUT[7:0] 
.BWEB (4'hf ), // INPUT[3:0] 

.CSA ((2'be,addra[16])), // INPUT[2:0] 
.CSB ({2'b@,addrb[16]}), // INPUT[2:0] 
.DIA ({dia[@]} ), // INPUT[35:0] 
.DIB (1915101) ), // INPUT[35:0] 
.ADDRA HOLD (1'b@ ), // INPUT 
.ADDRB HOLD (1'b@ ), // INPUT 

.CEA (151), // INPUT 

.CEB (1'b1 ), // INPUT 

.CLKA (clka ), // INPUT 

.CLKB (clkb ), // INPUT 

.ORCEA (1'b@ ), // INPUT 

.ORCEB (1'b@ ), // INPUT 

.RSTA (rsta ), // INPUT 

.RSTB (rstb ), // INPUT 

„НЕА (wea ), // INPUT 

.WEB (web ), // INPUT 

„СТМА (couta[0] ), // INPUT 

.CINB (coutb[0] ), // INPUT 

.COUTA ( ), // OUTPUT 

.COUTB ( ) // OUTPUT 

); 

GTP DRM36K Е1 #( 

.CSA MASK (3'b000), 

.CSB MASK (3'b000), 

.DATA WIDTH A (1), 

.DATA WIDTH B (1), 

.RAM MODE ("TRUE DUAL PORT"), 
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.RAM_CASCADE ("LOWER") 

) DRM 0 1 lower ( 

.DOA ( ), // OUTPUT[35:0] 

.DOB ( ), // OUTPUT[35:0] 

.ADDRA ({addra[15:0]}), // INPUT[15:0] 
.ADDRB ({addrb[15:0]}), // INPUT[15:0] 
.BWEA (8'hff ), // INPUT[7:0] 

.BWEB (4'hf ), // INPUT[3:0] 

.CSA ({2'b@,addra[16]}), // INPUT[2:0] 
.CSB ({2'b@,addrb[16]}), // INPUT[2:0] 
.DIA ({dia[1]} ), // INPUT[35:0] 

.DIB ({dib[1]} ), // INPUT[35:0] 
.ADDRA HOLD (1'b@ ), // INPUT 

.ADDRB HOLD (1'b@ ), // INPUT 

.CEA (151), // INPUT 

.CEB (1'b1 ), // INPUT 

.CLKA (clka ), // INPUT 

.CLKB (clkb ), // INPUT 

.ORCEA (1'b@ ), // INPUT 

.ORCEB (1'bO ), // INPUT 

.RSTA (rsta ), // INPUT 

.RSTB (rstb ), // INPUT 

„НЕА (wea ), // INPUT 

.WEB (web ), // INPUT 

.CINA ( ), // INPUT 

.CINB ( ), // INPUT 

.COUTA (couta[1] ), // OUTPUT 

.COUTB (coutb[1] ) // OUTPUT 

); 

GTP DRM36K E1 #( 

.CSA MASK (3'b000), 

.CSB MASK (3'b000), 

.DATA WIDTH A (1), 

.DATA WIDTH B (1), 

.RAM MODE ("TRUE DUAL PORT"), 

.RAM CASCADE ("UPPER") 

) DRM 0 1 upper ( 

.DOA ({doa_@[1]}), // OUTPUT[35:@] 
.DOB ({dob_@[1]}), // OUTPUT[35:@] 
.ADDRA ({addra[15:0]}), // INPUT[15:0] 
.ADDRB ({addrb[15:0]}), // INPUT[15:0] 
.BWEA (8'hff ), // INPUT[7:0] 

.BWEB (4'hf ), // INPUT[3:0] 

.CSA ({2'b@,addra[16]}), // INPUT[2:0] 
.CSB ({2'b@,addrb[16]}), // INPUT[2:0] 
.DIA ({dia[1]} ), // INPUT[35:0] 

.DIB ({dib[1]} ), // INPUT[35:0] 
.ADDRA HOLD (1'b@ ), // INPUT 

.ADDRB HOLD (1'b@ ), // INPUT 

.CEA (1'b1 ), // INPUT 

.CEB (161), // INPUT 

.CLKA (clka ), // INPUT 

.CLKB (clkb ), // INPUT 


https://innek.ru 47/ 103 


3. DP model 


Titan2 Series FPGA Dedicated RAM module 


PYA 


.ORCEA (1'bO ), // INPUT 

.ORCEB (1'bO ), // INPUT 

.RSTA (rsta ), // INPUT 

.RSTB (rstb ), // INPUT 

„НЕА (wea ), // INPUT 

.WEB (web ), // INPUT 

„СТМА (couta[1] ), // INPUT 
.CINB (coutb[1] ), // INPUT 
.COUTA ( ), // OUTPUT 

.COUTB ( ) // OUTPUT 

); 

GTP DRM36K E1 #( 

.CSA MASK (3'b001), 

.CSB MASK (3'b001), 

.DATA WIDTH A (1), 

.DATA WIDTH B (1), 

.RAM MODE ("TRUE DUAL PORT"), 
.RAM CASCADE ("LOWER") 

) DRM 1 д lower ( 

.DOA ( ), // OUTPUT[35:0] 

.DOB ( ), // OUTPUT[35:0] 

.ADDRA ({addra[15:0]}), // INPUT[15:0] 
.ADDRB ({addrb[15:0]}), // INPUT[15:0] 
.BWEA (8'hff ), // INPUT[7:0] 
.BWEB (4'hf ), // INPUT[3:0] 
.CSA ({2'b@,addra[16]}), // INPUT[2:0] 
.CSB ({2'b@,addrb[16]}), // INPUT[2:0] 
.DIA ({dia[@]} ), // INPUT[35:0] 
.DIB ((dib[0]) ), // INPUT[35:0] 
.ADDRA HOLD (1'b@ ), // INPUT 
.ADDRB HOLD (1'b@ ), // INPUT 
.CEA (151), // INPUT 

.CEB (1'b1 ), // INPUT 

.CLKA (clka ), // INPUT 

.CLKB (clkb ), // INPUT 

.ORCEA (1'b@ ), // INPUT 

.ORCEB (1'b@ ), // INPUT 

.RSTA (rsta ), // INPUT 

.RSTB (rstb ), // INPUT 

„НЕА (wea ), // INPUT 

.WEB (web ), // INPUT 

.CINA ( ), // INPUT 

.CINB ( ), // INPUT 

.COUTA (couta[2] ), // OUTPUT 
.COUTB (coutb[2] ) // OUTPUT 

); 

GTP DRM36K E1 #( 

.CSA MASK (3'b001), 

.CSB MASK (3'b001), 

.DATA WIDTH A (1), 

.DATA WIDTH B (1), 

.RAM MODE ("TRUE DUAL PORT"), 
.RAM CASCADE ("UPPER") 
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) DRM 1 0 upper ( 

.DOA ((doa 1191), // OUTPUT[35:@] 
.DOB ((dob 1191), // OUTPUT[35:@] 
.ADDRA ({addra[15:0]}), // INPUT[15:0] 
.ADDRB ({addrb[15:0]}), // INPUT[15:0] 
.BWEA (8'hff ), // INPUT[7:0] 

.BWEB (4'hf ), // INPUT[3:0] 

.CSA ((2'be,addra[16])), // INPUT[2:0] 
.CSB ({2'b@,addrb[16]}), // INPUT[2:0] 
.DIA ((dia[0]) ), // INPUT[35:0] 

.DIB ((dib[0]) ), // INPUT[35:0] 
.ADDRA HOLD (1'b@ ), // INPUT 

.ADDRB HOLD (1'b@ ), // INPUT 

.CEA (1'b1 ), // INPUT 

.CEB (1'b1 ), // INPUT 

.CLKA (clka ), // INPUT 

.CLKB (clkb ), // INPUT 

.ORCEA (1'bO ), // INPUT 

.ORCEB (1'b@ ), // INPUT 

.RSTA (rsta ), // INPUT 

.RSTB (rstb ), // INPUT 

„НЕА (wea ), // INPUT 

.WEB (web ), // INPUT 

„СТМА (couta[2] ), // INPUT 

.CINB (coutb[2] ), // INPUT 

.COUTA ( ), // OUTPUT 

.COUTB ( ) // OUTPUT 

); 

GTP DRM36K E1 #( 

.CSA MASK (3'b001), 

.CSB MASK (3'b001), 

.DATA WIDTH A (1), 

.DATA WIDTH B (1), 

.RAM MODE ("TRUE DUAL PORT"), 

.RAM CASCADE ("LOWER") 

) DRM 1 1 lower ( 

.DOA ( ), // OUTPUT[35:0] 

.DOB ( ), // OUTPUT[35:0] 

.ADDRA ({addra[15:0]}), // INPUT[15:0] 
.ADDRB ({addrb[15:0]}), // INPUT[15:0] 
.BWEA (8'hff ), // INPUT[7:0] 

.BWEB (4'hf ), // INPUT[3:0] 

.CSA ({2'b@,addra[16]}), // INPUT[2:0] 
.CSB ({2'b@,addrb[16]}), // INPUT[2:0] 
.DIA ({dia[1]}), // INPUT[35:0] 

.DIB ({dib[1]}), // INPUT[35:0] 

.ADDRA HOLD (1'b@ ), // INPUT 

.ADDRB HOLD (1'b@ ), // INPUT 

.CEA (151), // INPUT 

.CEB (1'b1 ), // INPUT 

.CLKA (clka ), // INPUT 

.CLKB (clkb ), // INPUT 

.ORCEA (1'bO ), // INPUT 
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.ORCEB (1'b@ ), // INPUT 

.RSTA (rsta ), // INPUT 

.RSTB (rstb ), // INPUT 

„НЕА (wea ), // INPUT 

.WEB (web ), // INPUT 

.CINA ( ), // INPUT 

.CINB ( ), // INPUT 

.COUTA (couta[3] ), // OUTPUT 
.COUTB (coutb[3] ) // OUTPUT 

); 

GTP DRM36K E1 #( 

.CSA MASK (3'b001), 

.CSB MASK (3'b001), 

.DATA WIDTH A (1), 

.DATA WIDTH B (1), 

.RAM MODE ("TRUE DUAL PORT"), 

«ВАМ CASCADE ("UPPER") 

) DRM 1 1 upper ( 

„ПОА ({doa_1[1]}), // OUTPUT[35:@] 
.DOB ((dob 111), // OUTPUT[35:@] 
.ADDRA ({addra[15:0]}), // INPUT[15:0] 
.ADDRB ({addrb[15:0]}), // INPUT[15:0] 
.BWEA (8'hff ), // INPUT[7:0] 
.BWEB (4'hf ), // INPUT[3:0] 

.CSA ({2'b@,addra[16]}), // INPUT[2:0] 
.CSB ({2'b@,addrb[16]}), // INPUT[2:0] 
.DIA ({dia[1]}), // INPUT[35:0] 
.DIB ({dib[1]}), // INPUT[35:0] 
.ADDRA HOLD (1'b@ ), // INPUT 
.ADDRB HOLD (1'b@ ), // INPUT 

.CEA (1'b1 ), // INPUT 

„СЕВ (1'b1 ), // INPUT 

.CLKA (clka ), // INPUT 

.CLKB (clkb ), // INPUT 

.ORCEA (1'bO ), // INPUT 

.ORCEB (1'bO ), // INPUT 

.RSTA (rsta ), // INPUT 

.RSTB (rstb ), // INPUT 

.WEA (wea ), // INPUT 

.WEB (web ), // INPUT 

„СТМА (couta[3] ), // INPUT 

.CINB (coutb[3] ), // INPUT 

.COUTA ( ), // OUTPUT 

.COUTB ( ) // OUTPUT 

); 

//Output data selection 

always @(posedge clka or posedge rsta) 
begin 

if (rsta) 

sel а <= 150; 

else 

sel a «- addra[16]; 

end 
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always @(posedge clkb or posedge rstb) 

begin 

if (rstb) 

sel b <= 1"р0; 

else 

sel_b <= addrb[16]; 

end 

assign doa[1:0] = (sel a)?doa 1[1:0]:doa 0[1:0]; 
assign dob[1:0] (sel b)?dob 1[1:0]:dob 0[1:0]; 
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4. SDP model 


(1) Model introduction 


The port mode of the RAM is determined by the parameter RAM_MODE. When the value of the 
parameter RAM MODE is "SIMPLE_DUAL_PORT", the RAM enters the simple dual-port mode. This article 
will introduce 36K SDP RAM in detail. The structure and function of 18K and 36K are basically the same, 
only the bit width is different. 

SDP RAM mode supports: 


e Dual-port read and write, but one port is used as a read port, and the other port is used as a write port. 

e Апу port cannot perform read or write operations at the same time. 

e Both ports have independent bit width setting 

e |n x32/x36 bit width in 18K mode and x64/x72 bit width in 36K mode, port A is fixed as write control 
port (active when WEA is high), and port B is fixed as read control port (active when WEB is low). 


(2) Data port 


Each 18K, 36K DRM can also be configured as SDP (Simple Dual Port) RAM. In this mode, the data bit 
width of the DRM port is increased to 72 bits. The SDP RAM mode includes two pairs of ports (each pair 
has two different ports, A and B), and one of the two ports A and B is dedicated to data writing. input, 
another port is dedicated to data reading, and both read and write ports also support different clocks. 
The same as DPRAM, if the same address is read and written through two ports at the same time, it will 
cause conflicts. The figure below shows the structure diagram of 36KSDPRAM. 


-- WADDR HOLD КАРРА HOLD 4——— 
— — e DI[71:0] DO[71:0] ———- 
— СЕ ORCE 4——— 
— — À» WADDR[15:0] RADDR[15:0] 4——— 
—— WR CS[2:0] RD CS[2:0] *— — 


— —* МЕ СК SIMPLE Dual Port КОСК + 


— WR RST RAM RD RST ——— 
— WE ECC PARITY[7:0] ———»5 
— > BWE ECC RDADDR[8:0] ———» 
— ——» INJECT SBITERR ECC SBITERR —— ——- 
— — e INJECT. DBITERR ECC DBITERR ———> 


Figure 16 SDP RAM data port 
The table below lists the port names and port descriptions іп SDP RAM mode. 
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Table 21 SDP RAM Port name and description 


ORT МАМЕ |DIRECTIO DESCRIPTION PORT NAME |ПІКЕСТІО DESCRIPTION 
N N 
WADDR_HOLD INPUT |Write port address latch RADDR_HOLD INPUT | Read port address latch 
signal signal 
О 


INPUT | Write port data input UTPUT | Read port data output 


P 
INPUT {Input register clock enable | ORCE INPUT | Output register clock 
enable 


WADDR INPUT | Write port address input RADRD INPUT | Read port address input 


WR_CS INPUT |Write Port Address RD_CS INPUT | Read port address 
Extension extension 


WR_CLK INPUT | Write port clock RD_CLK INPUT | read port clock 


WR_RST INPUT |Write Port Output Register | RD RSTB INPUT | Read Port Output Register 
Reset Reset 
м 


INPUT ECC PARITY[7:0] | OUTPUT |ECC Mode parity output 


BWE INPUT | Byte enable signal ECC RDADDR[8:0]| OUTPUT | ECC Mode Read Address 
Output 
INJECT SBITERR| INPUT [ЕСС Pattern Single Bit ECC SBITERR OUTPUT |ECC Mode Single Bit Error 
Error Injection Flag 
INJECT DBITERR| INPUT | ЕСС Mode Double Bit Fault | ECC DBITERR OUTPUT |ECC Mode Single Bit Error 
Injection Flag 


Note: 1. In the x64/x72 bit width of SDP mode, DI is spliced by DIA/DIB of A/B port, and DO is the same, 
see appendix Address and Data Port Mapping for details; 


2. 18K DRM has no CSA/CSB port and does not support address extension. If DRM cascading is required 
for address depth extension, it is recommended to use 36K DRM. 


(3) Bit width combination 

The port bit width of RAM is determined by the parameter DATA WIDTH A/DATA WIDTH B in GTP. For 
example, when the value of parameter DATA WIDTH Ais 4, the data bit width of port A is set to 4 bits. SDP mode 
supports A and B ports to set different data bit widths. 

The following table shows the allowed bit width combination of Simple Dual Port RAM mode in 36K DRM 


mode. 
Table 22 36K DRM Mode Simple Dual port RAM Mode Allowed Bitwidth Combinations 
WRITE PORT 
32КХ1 | 16КХ2 | 8KX4 | 4KX8 | 2КХ16 | 1KX32 512Х64 4KX9 |2KX18 | 1KX36 |512X72 
32KX1 / / у / / ~ / 
16КХ2 / / J J J J J 
8KX4 / / / / / 4 у 

= 4KX8 / / / / / / / 

& 2KX16| ~ 4 / J J қ! / 

д |1KX32| у al 4 y / " J 

< |512Х64| ~v J / J J / / 

2 4KX9 / / ~ / 
2КХ18 / у 4 / 
1KX36 / / J / 
512Х72 / / 4 / 
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Note : V indicates the supported bit width combinations. 
18K as shown in the table below DRM Mode Simple Dual port Combinations of bit widths allowed by the RAM 


mode. 


Table 23 18K DRM Mode Simple Dual port RAM Mode Allowed Bitwidth Combinations 


Note : V indicates the supported bit width combinations. 


(4) Timing parameters 


In SDP mode, the timing parameters of DRM are the same as those in DP mode, see Section 4 of 
Chapter 3 for details. 


(5) Read and write operations 


The SDP mode does not support the setting of the read-write mode. It is forbidden to set it to TW or 
RBW mode when using it. It can only be set to the default NW mode, that is, the value of the parameter 
WRITE_MODE_A/WRITE_MODE_B in GTP must be the default "NORMAL_WRITE", otherwise DRM will 
enter Abnormal write operation status. 

The SDP mode has two relatively independent ports, if the same address is read and written through 
the two ports at the same time, it will cause conflicts. DRM prohibits two ports from writing data to the 
same address at the same time, and prohibits two ports from reading and writing the same address at the 
same time, which needs to be avoided by user logic in practical applications. 

As shown in the following figure, the SDP mode read and write sequence diagram, the user writes 
data from the A port of the DRM, and reads the data from the B port of the DRM.. 
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WR CLK 
(CLKA) я 


СЕ свв А \ 
(CEA) | ———3 | 


WE twes е-е 
(WEA) |— —— 


3K > С J tes 
WR CS tess — M! 


Valid CSA 
(CSA) 


я (ВЕ Z— Г 
BWE | я 
(BWEA) X 211 4 


T — —— Ev NN EJ 
ADDRO 4 ADDRI X ADDRO У 


WADDR - 
(ADDRA) й 


DI 
(DIA) 


RD CLK 
(CLKB) 


RADDR 
(ADDRB) 


tess K—7 < 7| tcs 
RD CS | Valid CSB | 


(CSB) 


DO(DOB) without t Ге 
output reg = dE 


сы ar - е 
(ОКСЕВ) 


(со ок 
Mem(ADDR1) X Mem(ADDRO) 


DO ( Mem(ADDRI) X Mem(ADDRO) Д. 


DO(DOB) with 
output reg 


Figure 17 SDP Mode read and write timing diagram 


(6) Byte enable function 


The byte enable function of SDP mode is similar to that of DP mode, see Section 6 of Chapter 3 for 
details. The main difference between byte enable in SDP mode and DP mode is the following two points: 
e |n SDP mode, one port is fixed as a write port, and the other port is fixed as a read port, and the byte 

enable signal of the read port needs to be connected to a low level; 

• Тһе SDP mode byte enable signal also supports x72 (64) bit data width mode. At this time, the A port 
is fixed as a write port, and the byte enable signal WEA[7:4] is valid; under other bit widths, the A port 
is WEA[7:4] is connected to high level when writing port, and WEA[7:4] is connected to low level when 
port A is reading port. 

The read and write sequence diagram of DRM in byte enable mode in SDP mode is shown in the 
following figure: 
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WR СІК —— — аа к= а, 2-5 "E 
(CLKA) - / / 
WE 
(WEA) 
BWE V ү у ( ү 
(BWEA) X 0000 Х пи y 0011 X 1100 Y 1010 
RADDR = ; " 
B У 0000 Y 1111 Y 2222 ү 3333 ү 4444 
(DIA) А А А teal А а. А. 
RD CLK 
(CLKB) 
RADDR j | \ 
(ADDRA) ADDRO ў  ADDRI ) ADDR2 Y ADDR3 
@О% JMEM(ADDRO) X MEM(ADDRI) ў 1111 T 122  ( 33222 ХМЕМ(АРОВЗ) 
Figure 18 Byte Enable Read and Write Timing Diagram ( SDP mode ) 
(7) Internal registers 
The internal registers of SDP mode are the same as those of DP mode, see Section 7 of Chapter 3 for 
details.. 
(8) Нага cascading function 
The hard cascading function of SDP mode is the same as that of DP mode, see Section 8 of Chapter 3 
for details. 


(9) Application example 
1. Single 36K DRM configuration 


This section illustrates the GTP configuration steps of a single 36K DRM. Users can also directly 
generate DRM IP through the IP Compiler tool embedded in Pango Design Suite software. For details, see 
the "28nmDRMRAM/FIFOIP User Guide" in the IP Compiler tool. 

The example is the mixed bit width SDP mode, the read port A is configured as 4Kx9, and the write 
port B is configured as 512x72 (realized by the A/B port DOA/DOB splicing), the two ports have different 
clocks, and the output register is enabled. The configuration steps for 18K DRM are similar. Configure a 
single 36K DRM as follows: 

a. Configure the DRM parameters as described in the following table:: 


Table 24 DRM parameter configuration 


PARAMETER NAME | CONFIGURATION VALUE DESCRIPTION 
DATA WIDTH A Ы — 8 1 Configure A-port to 4Kx9 mode 


DATA WIDTH B Configure B-port to 512x72 mode 
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WRITE MODE A "NORMAL WRITE" Configure A port read and write mode as NW 
WRITE MODE B Configure B port read and write mode to NW 


ПОА REG Enable A port output register 
| РОВ КЕС | REG Enable B port output register 
EE "SIMPLE DUAL PORT" | Configure DRM to Simple Dual Port Mode 


b. Connect the ports of the DRM as shown in the table below: 


Table 25 DRM port connection 


PORT NAME CONNECTION SIGNAL DESCRIPTION 


Port A is used as a write port, connect the write 
address signal waddr[11:0] to ADDRA[14:3], 
ADDRA[15] is connected to high level, and 
ADDRA[2:0] is connected to low level. For 
detailed address connection instructions, see 
Appendix Address and Data Port Mapping 

Port B is used as a read port, connect the read 
address signal raddr[8:0] to ADDRB[14:6], 
connect ADDRB[15] to high level, and connect 
ADDRB[5:0] to low level 


a HOLD Do not use A/B port address latch function, 
| | ADDRBHOLD | HOLD connect to low level 


Connect the write data signal di[7:0] to DIA[8:0], 
and leave the unused DIA high-order port 

DIA[35:0] di[8:0] floating. For detailed data port connection 
instructions, see the appendix Address and Data 
Port Mapping 


Port B is a read port and no write data splicing is 
performed, and the GTP port DIB is suspended or 
connected to a low level 


The address extension function is not used, 
AR AN connect to low level 
Port A is a write port, the byte enable function is 
BWEA[7 8'hff not used, connect BWEA to high level 
Port B is a read port, write operation 
BWEB[3:0] prohibited, connect BWEB to low level 
A/B port splicing realizes 72bit data bit width, 
DOA[35:0] do[35:0] DOA output lower 36bit read data 
A/B port splicing realizes 72bit data bit width, 
DOB[35:0] do [71:36] DOB output high 36bit read data 
WEA E Connect the write enable signal we to WEA of 
write port A 
WEB 1'bo The write enable WEB of the read port B is 
connected to low level 


c. Other signals of the read-write port: connect the clock, clock enable, output register clock enable, 


ADDRA[15:0] {1'b1, waddr[11:0], 3'60} 


ADDRB[15:0] {1'b1,raddr[8:0],6'bO} 


Floating or connected to low 
level 


DIB[35:0] 


and data register reset of the read-write port to the corresponding A/B ports of the corresponding GTP; 
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d. The rest of the unused parameters: the rest of the unused parameters are not set, and the default 
values are used; 

e. Other unused ports: The remaining unused ports are left open (ports that are not used and must 
be connected have been described above). 

The configured GTP looks like this: 


GTP DRM36K E1 #( 

.DATA WIDTH A (9), 

.DATA WIDTH B (72), 

.WRITE MODE A ("NORMAL WRITE"), 
.WRITE MODE B ("NORMAL WRITE"), 
.DOA REG (1), 

.DOB REG (1), 

.RAM MODE ("SIMPLE DUAL PORT") 

) GTP DRM36K E1 inst ( 

.DOA (do[35:0] ), // OUTPUT[35:0] 
.DOB (do[71:36] ), // OUTPUT[35:0] 


. ADDRA ((1'b1,waddr[11:0],3'b0]), // INPUT[15:0] 
. ADDRB ((1'b1,raddr[8:0],6'b0)), // INPUT[15:0] 
.BWEA (8'hff ), // INPUT[7:0] 


.BWEB (400 ), // INPUT[3:0] 

-CSA (350), // INPUT[2:0] 

.CSB (350), // INPUT[2:0] 

.DIA (di[8:0] ), // INPUT[35:0] 
JDIB ( ), // INPUT[35:0] 
.ADDRA HOLD (1'b@ ), // INPUT 
.ADDRB HOLD (1'b@ ), // INPUT 

„СЕА (ce  ), // INPUT 

„СЕВ (се ), // INPUT 


.CLKA (wr clk ), // INPUT 
.CLKB (rd clk ), // INPUT 
. ORCEA (orce ), // INPUT 
„ОВСЕВ (orce ), // INPUT 
.RSTA (wr rst ), // INPUT 
.RSTB (rd rst ), // INPUT 


.МЕА (ме ), // INPUT 
.WEB (150) // INPUT 
); 
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2. Multiple 36K DRMs cascade configuration 
Multiple 36K DRM cascading in SDP mode is the same as DP mode, please refer to Subsection 2 of 
Section (9) in Chapter 3 for details. 
3. Multiple 36K DRM hard cascade configuration 


Multiple 36K DRM hard cascading in SDP mode is the same as DP mode, please refer to Section 3, 
Section (9) of Chapter 3 for details. 
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5. SP model 
(1) Modelintroduction 


The port mode of the RAM is determined by the parameter RAM_MODE, when the value of the 
parameter RAM_MODE is "SINGLE_PORT", the RAM enters the single port mode. This article will 
introduce 36K SP RAM in detail. The structure and function of 18K and 36K are basically the same, only 
the bit width is different. 

SP RAM mode supports: 

e Single-port read operation 

e Single port write operation 

е Тһе x32/x36 bit width in 18K mode and the x64/x72 bit width in 36K mode A port is fixed as the 

write control port (valid when WEA is high), and B port is fixed as the read control port (valid 
when WEB is low) 


(2) Data port 


Each 18K, 36K DRM can also be configured as SP (Single Port) RAM. In this mode, the data bit width 
of the DRM port is increased to 72 bits. In the SP RAM mode, when two ports are shared, the DRM only 
includes one port, and the SP RAM mode can read and write to this port. The figure below shows the block 
diagram of 36K SP RAM. 


----- ADDR HOLD 

— ——» ADDR[15:0] DO[71:0] ——— 
— — —» CE ORCE — 
-- pi[71:0] SIGLE Port RAM RST 4——— 
— ——» CS[2:0] WE «—— — 
— ———» CLK BWE Т 


Figure 19 SP RAM data port 


The table below lists the SP Port names and port descriptions in RAM mode. 
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Table 26 SP RAM Port name and description 


PORT NAME DIREC DESCRIPTION PORT NAME DIRECT DESCRIPTION 
TION ION 


ADDR_HOLD INPUT | Address latch signal | DO [OUTPUT Read data output 


ADDR INPUT | Address input ORCE INPUT | Output register clock 
enable 


ш ne wesana ме Sieur Ганеев 
Са тро 


Note: 1. In the x64/x72 bit width of SP mode, DI is spliced by the DIA/DIB of the A/B port, and the DO is the 
same, see the address and data port Mapping in the appendix for details; 

2. 18K DRM has no CSA/CSB port and does not support address extension. If DRM cascading is required for 
address depth extension, it is recommended to use 36K DRM. 


(3) Bit width combination 

The port bit width of RAM is determined by the parameter DATA_WIDTH_A/DATA_WIDTH_B in GTP. 
For example, when the value of parameter DATA_WIDTH_A is 4, the data bit width of port A is set to 4 
bits. The A and B ports of SP mode need to be set to the same data bit width. 

The following table shows the allowed bit width of Single Port RAM mode in 36K DRM mode.. 


Table 27 36K DRM Mode Single Port RAM Mode Allowed Bit Width 
MODEL |32КХ1| 16KX2 | 8KX4 | 4KX8 | 2KX16 | 1KX32 | 512X64 | 4KX9 | 2KX18 | 1KX36 | 512X72 


SP RAM у У У У У У У У У У У 


Note: 1. V indicates the supported bit width combination; 

2. In Single Port RAM mode in 36K DRM mode, 1Kx32 and 1Kx36 modes are prohibited to directly set TW 
and RBW read and write modes, which require additional configuration; 512x64 and 512x72 modes prohibit 
setting TW and RBW read and write modes, see Section (5) of this chapter for details. 


The following table shows the allowed bit width of Simple Port RAM mode in 18K DRM mode. 


Table 28 18K DRM Mode Single Port RAM Mode Allowed Bit Width 
MODEL 16KX1 | 8KX2 | 4KX4 | 2КХ8 | 1KX16 | 512X32 | 2КХ9 | 1KX18 |512Х36 


SP RAM У У У У У У У У У 


Note: 1. V indicates the supported bit width combinations. 

2. In Single Port RAM mode in 18K DRM mode, it is forbidden to directly set TW and RBW read and write 
modes in 512x32 and 512x36 modes, and additional configuration is required, see Section (5) of this chapter 
for details. 
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(4) Timing parameters 


In SP mode, the timing parameters of DRM are the same as those in DP mode, see Section 4 of 
Chapter 3 for details. 


(5) Read and write operations 


The read and write operations of each read and write mode in SP mode are similar to the single port 
in DP mode, see Chapter 3 Section (5) for details. DRM supports setting the reading and writing mode to 
NW (Normal Write) mode for each bit width in SP mode, and the reading and writing mode of 18bit and 
below data port width in SP mode can also be directly set to TW (Transparent Write) or RBW (Read before 
Write) mode, but in SP mode, it is forbidden to directly set the read-write mode to TW and RBW mode 
for ports with a data width of 32 bits and above. It needs to be set to the default NW mode. The specific 
support is as follows: 


Table 29 SP Mode read and write mode setting support 


DATA PORT | SUPPORTED ? READ AND WRITE MODE IMPLEMENTATION 
WIDTH 
1(18K/36K ) support 
2 ( 18K/36K ) support 
|н ӨК. цеп In GTP, the mode parameter сап be directly set to SP mode, and the read/write 
8 ( 18K/36K ) support mode of 18 bit and below bit width of 18K and 36K can be directly set to NW, TW, 
9 ( 18K/36K ) support RENE 


16 ( 18K/36K ) support 


18 ( 18K/36K ) support 


32(18K/36K) | notsupport | Тһе 32/36 bit width of the SP mode in GTP prohibits directly setting the read and 

write mode, and the default NW needs to be used; TW and RBW need additional 
configuration, and the specific method is shown in the next paragraph 

The 64/72 bit width of the SP mode in GTP prohibits setting the read and write 
mode, and the default NW needs to be used. If you need to set the read-write 
mode in this scenario, you need to instantiate two 36K SP RAMs of 32/36 bits to 
72 (36K) not support | splice to achieve 64/72 bits, but in some cases it may cause an increase in the 
required DRM resources 


36(18K/36K) | notsupport 


64 ( 36K ) not support 


DRM prohibits the implementation of TW and RBW modes in 32/36 bit SP mode through direct 
configuration, which requires additional configuration. The specific implementation method is as follows: 

(1) 32/36 bit in 18K SP RAM mode: 

a. Port A and Port B are configured as 16/18 bit DP mode at the same time (respectively for 32/36 
bit SP); 

b. Port A and Port B are configured to the same write mode; other configuration bits also need to be 
the same; 

c. Control signals such as CE, CS, WE, ORCE, RST, and CLK of Port A and Port B are connected in 
parallel; 

d. DIA and DIB are connected in parallel as data input; DOA and DOB are connected in parallel as data 
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e. Port A and Port B address input ports need to be connected to address input at the same time; 
ADDRA[4] and ADDRB[4] should be connected to 0 or 1 (reversely), as shown in the figure below: 


PortA 
ADDR[8:0] е B> ADDRA[13:5] 
“0” >| ADDRA[4] 
PortB 
LLL J ADDRB[13:5] 
“1” B> ADDRB[A] 
18КЖз\, 


Figure 2 0 18K SP Mode 32/36 bit mode TW and RBW Mode Address Line Configuration 


f. The connection of BWEA and BWEB signals needs to refer to the connection of two ports іп DP 
16/18 bit mode respectively. (2) 32/36 bit in 36K SP RAM mode: 

a. A and B ports are configured as 32/36 bit DP mode (respectively for 32/36 bit SP); 

b. Only use one of the ports for reading and writing, the other port can be written to O, and the read 
data port is suspended, as shown in the figure below: 


ADDR[9:0] р- АООВА14:51 РОПА 
DI[35:0] W»- DIA[35:0] 
WE pe WEA 
10'bO >! ADDRB[14:5) | Ро В 
3650 $>. DIB[35:0] 
150 > WEB 


36K HE TL 
Figure 21 36K SP Mode of 36 bit mode TW and RBW Mode Port Signal Configuration 


c. The connection of the byte enable signal needs to refer to the connection in the port DP 32/36 bit 
mode for reading and writing. 

(3) 64/72 bit in 36K SP RAM mode: 

64/72 bit in 36K mode prohibits configuring the read/write mode as TW or RBW. If you need to use 
TW or RBW mode in this scenario, you need to instantiate two 32/36 bit 36K SP RAMs (configure as above) 
To perform data port splicing to achieve 64/72bit, as shown in the figure below:: 


(150, ADDR[8:0]] ———e-——>) ADDRA[14:5] DRM36K-0 
ОАТА[35:0] ———j———>__ 01А[35:0] 
WRITE EN че WEA 


L— $ АРОВА[14:5] DRM36K-1 
DATA[71:36] $| DIA[35:0] 


| WEA 
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Figure 22 TW and RBW mode port signal configuration in 72 bit mode of 36K SP mode 


(6) Byte enable function 


The byte enable function of SP mode is similar to that of DP mode, see Section 6 of Chapter 3 for 
details. 


(7) Internal registers 


The internal registers of SP mode are the same as those of DP mode, see Section 7 of Chapter 3 for 
details. 


(8) Нага cascading function 


The hard cascading function of SP mode is the same as that of DP mode, see Section 8 of Chapter 3 
for details. 


(9) Application example 


1. Single 36K DRM configuration 

This section illustrates the GTP configuration steps of a single 36K DRM. Users can also directly 
generate DRM IP through the IP Compiler tool embedded in Pango DesignSuite software. For details, see 
the "28nmDRMRAM/FIFOIP User Guide" in the IP Compiler tool. 

The example is SP mode, the read and write port configuration is 512x64, the output register is 
enabled, and the read and write mode is NW. The configuration steps of 18KDRM are similar. 

Configure a single 36K DRM as follows: 

a. Configure the DRM parameters as described in the following table: 


Table 30 DRM parameter configuration 


PARAMETER NAME 


b. Connect the ports of the DRM as shown in the table below: 
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Table 31 DRM port connection 


PORT NAME CONNECTION SIGNAL DESCRIPTION 


The A/B port address is connected to the same 
ADDRA[15:0] address signal, and the input address signal 
addr[8:0] is connected to ADDRA[14:6], 


| і | ADDRA[15] is connected to high level, 
поп adalee ет ADDRA[5:0] is connected to low level, The ADDRB 
ADDRB[15:0] connection is the same. For detailed address 
connection instructions, see the appendix 

Address and Data Port Mapping 


ADDRA HOLD If the A/B port address latch function is not used, 


connect to low level. If the address latch function 
ADDRB HOLD is used, the A/B port needs to connect to the 
same signal 
acm Г ү M 
DIA[35:0] di[23:16], 1'bO, di[15:8], | ЫЕ А Pod 
1'bO, di[7:0]) detailed data port connection instructions refer 
to appendix address and data port Mapping; 
A/B port splicing realizes 72bit write data port, 
(1'bO, di[63:56], 1'bO, DIB input high 32bit write data di[63:32], DIB[8], 
DIB[35:0] di[55:48], 1'bO, di[47:40], DIB[17], DIB[26], DIB[35] are byte additional 
1'bO, di[39:32]} information bits, For details, see appendix byte 
additional information bits 


CSA[2:0] The address extension function is not used, 
і connect to low level, if the address extension 
3'bO ee 
CSB[2:0] function is used, the A/B port needs to connect 
to the same signal 
'hO 


BWEB[3:0] 4 BWEB is not used as byte enable signal, connect 
to low level 


{1'bz, do[31:24], 1'bz, A/B port splicing realizes 64bit read data port, 
DOA[35:0] do[23:16], 1%, do[15:8], | DOA output low 32bit read data do[31:0], 
1'bz, do[7:0]} DOA[8], DOA[17], DOA[26], DOA[35] are floating 


{1'bz, do[63:56], 1'bz, A/B port splicing realizes 64bit read data port, 


DOB[35:0] do[55:48], 1'bz, do[47:40], DOB output high 32bit read data do[63:32], 
1'bz, do[39:32]} DOB[8], DOB[17], DOB[26], DOB[35] are floating 


BWEA[7:0] 8'hff Byte enable function not used, tie BWEA high 


c. Other signals of the read-write port: connect the clock, clock enable, output register clock enable, 
data register reset, and write enable of the read-write port to the corresponding A/B ports of the 
corresponding GTP, and the above-mentioned signals А/В All ports need to be connected in the same 
way; 

d. The rest of the unused parameters: the rest of the unused parameters are not set, and the default 
values are used; 

e. Other unused ports: The remaining unused ports are left open (ports that are not used and must 
be connected have been described above). 

The configured GTP looks like this: 


GTP DRM36K E1 #( 


https://innek.ru 65/ 103 Titan2 Series FPGA Dedicated RAM module 


Зе унза 5. SP model 


.DATA WIDTH A (64), 
.DATA WIDTH B (64), 
.WRITE MODE A ("NORMAL WRITE"), 
.WRITE MODE B ("NORMAL WRITE"), 


.DOA REG (1), 

.DOB REG (1), 

«ВАМ MODE ("SINGLE PORT") 

) СТР DRM36K Е1 inst ( 

.DOA (doa[35:0] ), // OUTPUT[35:0] 

.DOB (dob[35:0] ), // OUTPUT[35:0] 

. ADDRA ((1'b1,addr[8:0],6'b0)), // INPUT[15:0] 
. ADDRB ((1'b1,addr[8:0],6'b0)), // INPUT[15:0] 
. BWEA (8'hff ), // INPUT[7:0] 

. BWEB (4'he ), // INPUT[3:0] 

.CSA (3759 ), // INPUT[2:0] 

.CSB (3'be ), // INPUT[2:0] 

.HE ((1'b0,di[31:24],1'b0,di[23:16], 1'b0, di[15:8],1'b0,di[7:0]]), // 
INPUT[35:0] 

.DIB ((1'b0,di[63:56],1'b0,di[55:48],1'b0,di[47:40],1'b0,di[39:32])), // 
INPUT[35:0] 

.ADDRA HOLD (1780 ), // INPUT 

.ADDRB HOLD (1780 ), // INPUT 

. CEA (ce ), // INPUT 

.CEB (ce ), // INPUT 

.CLKA (сік ), // INPUT 

.CLKB (сік ), // INPUT 

. ORCEA (orce ), // INPUT 

. ORCEB (orce ), // INPUT 

.RSTA (rst ), // INPUT 

.RSTB (rst ), // INPUT 

„МЕА (ме ), // INPUT 

. WEB (we ) // INPUT 

); 


assign do[63:0] = 
(dob[34:27],dob[25:18],dob[16:9],dob[7:0],doa[34:27],d0a[25:18],doa[16:9], doa[7:0]}; 


2. Multiple 36K DRMs cascade configuration 


Multiple 36K DRM cascading in SP mode is the same as DP mode, please refer to Subsection 2 of 
Chapter 3 (9) for details. 


3. Multiple 36K DRM hard cascade configuration 
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Multiple 36K DRM hard cascading in SP mode is the same as DP mode, please refer to Section 3, 
Section (9) of Chapter 3 for details. 
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6. ROM model 


(1) Model introduction 

The port mode of RAM is determined by parameter RAM_MODE, when the value of parameter 
RAM_MODE is "ROM", RAM enters ROM mode. This article will introduce the 36K ROM in detail. The 
structure and function of 18K and 36K are basically the same, only the bit width is different. ROM mode 
supports only data read, not data write. 


(2) Data port 


DRM can be configured as ROM, and the ROM content can be initialized through the configuration 
interface. ROM mode is read-only for ports in 18K and 36K modes. The structure diagram of ROM mode 
is shown in the figure below. 


— >, ADDR HOLD 


— — >» ADDR[15:0] DO[71:0] ———- 
— > СЕ ORCE 4— — 
----- DI[71:0] UM RST 4--- 


------ CS[2:0] 


— ——» CLK 


Figure 2 3 ROM mode data port 


The table below lists the port names and port descriptions in ROM mode. 


Table 32 ROM Port name and description 


PORT NAME DIREC DESCRIPTION PORT NAME DIRECT DESCRIPTION 
ION 


INPUT | Address entry ORCE INPUT | Output register clock 
enable 


Input register clock RST INPUT | Output register reset 
enable 
CLK 


Note: 1. In the x64/x72 bit width of ROM mode, DI is spliced by DIA/DIB of A/B port, and DO is the same, 
see appendix address and data port Mapping for details; 2.18K DRM has no CSA/CSB port, Address 
extension is not supported. If DRM cascading is required for address depth extension, it is recommended 
to use 36KDRM. 
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(3) Bitwidth combination 


The port bit width of RAM is determined by the parameter DATA WIDTH A/DATA WIDTH B in GTP. 
For example, when the value of parameter DATA WIDTH A is 4, the data bit width of port A is set to 4 
bits. The A and B ports in ROM mode need to be set to the same data bit width. 

The following table shows the allowed bit width of ROM mode in 36K DRM mode. 


Table 33 36K DRM mode ROM mode allowed bit width 
MODEL |32КХ1 16KX2 | 8КХ4 | 4KX8 | 2КХ16 | 1KX32 | 512X64 | АКХ9 | 2КХ18 | 1KX36 | 512Х72 


ROM J 4 / Е / J J " / Е J 


Note : V indicates the supported bit width combination; 


The following table shows the allowed bit width of ROM mode in 18K DRM mode. 


Table 34 18K DRM mode ROM mode allowed bit width 


MODEL | 16KX1 | 8KX2 | 4КХ4 | 2KX8 | 1KX16 | 512X32 | 2КХ9 | 1KX18 |512X36 


ROM J J yj q J К J J J 


Note : V indicates the supported bit width combinations. 


(4) Timing parameters 


In ROM mode, DRM does not support write operations, and the timing parameters and timing of 
read operations are the same as those in DP mode, see Chapter 3, Section (4) for details. 


(5) Internal registers 


The internal registers of ROM mode are the same as those of DP mode, see Chapter 3, Section (7) for 
details. 


(6) Hard cascading function 


The hard cascading function of ROM mode is the same as that of DP mode, see Section 8 of Chapter 
3 for details. 


(7) Application examples 
1. Single 36K DRM configuration 


This section illustrates the GTP configuration steps of a single 36K DRM. Users can also directly 
generate DRM IP through the IP Compiler tool embedded in Pango DesignSuite software. For details, see 
the "28nmDRMRAM/FIFOIP User Guide" in the IP Compiler tool. 
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The example is ROM mode, the read and write ports are configured as 2Kx18, and the output register 
is enabled. The configuration steps for 18K DRM are similar. Configure a single 36K DRM as follows: 
a. Configure the DRM parameters as described in the following table: 


Table 35 DRM parameter configuration 


PARAMETER NAME | CONFIGURATION VALUE DESCRIPTION 
DATA WIDTH A Configure A-port to 2Kx18 mode 

— - 18 
DATA WIDTH В Configure B-port to 2Kx18 mode 


DOA REG Enable Port A Output Register 
DOB REG 1 Enable Port B Output Register 
ВАМ. MODE Configure DRM to ROM mode 


(1880000, Set the initial value parameter of ROM to the 
INIT 00 18'h00003, 18'h00002, corresponding address value, that is, 1-18bit of 


18'h00001, 18'h00000] INIT 00 corresponds to address O, set it to 0; 19- 
36bit corresponds to address 1, set it to 1, and so 
on. For specific initialization parameter mapping 

(1810071, rules, see the appendix Initialize configuration 
INIT_7F 18'h007f3, 18'h007f2, parameter mapping; 
18'h007f1, 18'h007f0) 


RSTA VAL ER Set the output data reset value to 18'h01234 
RSTB VAL { } 


b. Connect the ports of the DRM as shown in the table below: 


Table 36 DRM port connection 


PORT NAME CONNECTION SIGNAL DESCRIPTION 


The A/B port address is connected to the same 
ADDRA[15:0] address signal, and the input address signal 
addr[10:0] is connected to  ADDRA[14:4], 


ADDRA[15] is connected to high level, 
{1'b1,addr[10:0],4'bO} ADDRA[3:0] is connected to low level, and 
ADDRB[15:0] ADDRA[3:0] 15 connected to low level. The 
connection is the same, for detailed address 
connection instructions, see the appendix 
Address and Data Port Mapping 
| ADDRA HOLD | 


ADDRA HOLD Do not use the A/B port address latch function, 
i connect to low level, if ADDRB_HOLD uses the 
160 | 
ADDRB HOLD address latch function, the A/B port needs to 
connect to the same signal 
DIA[35:0] Жазып ROM does not support write operation, port 
018[35:0] в DIA/DIB is floating 
CSA[2:0] If the address extension function is not used, 
connect to low level. If the address control 
CSB[2:0] 3'bO function is used, the A/B port needs to be 
connected to the same signal 
BWEA|7:0] ROM does not support write operation, connect 


неза BWEA/EWEB to low level 
DOA[35:0] do[17:0] Connect output data signal do[17:0] to 
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[ULL peu 
DOB[35:0] Data stitching not performed, DOB dangling 


1'bo ROM does not support write operation, connect 
WEA/WEB to low level 


c. Other signals of the read-write port: connect the clock, clock enable, output register clock enable, 


and data register reset of the read-write port to the corresponding A/B ports of the corresponding GTP, 
and the above-mentioned signal A/B ports need to be the same connect; 

d. The rest of the unused parameters: the rest of the unused parameters are not set, and the default 
values are used; 

e. Other unused ports: The remaining unused ports are left open (ports that are not used and must 
be connected have been described above). 

The configured GTP looks like this: 


GTP DRM36K E1 #( 
.DATA WIDTH A (18), 
.DATA WIDTH B (18), 


.DOA REG (1), 

.DOB REG (1), 

«ВАМ MODE ("ROM"), 

.RSTA VAL ({18'ћ01234}), 

.RSTB VAL ({18'ћ01234}), 

.INIT 00 ((18'he000f, 18'h0000e, 18 пдддда, 18" пддддс, 18'h0000b, 18'h0000a, 


18'h00009, 18'h00008, 18'h00007, 18'h00006, 18'h00005, 18'h00004, 18'h00003, 
18'h00002, 18'h00001, 18'h00000)), 


.INIT 7F ((18'h007ff, 18'h007fe, 18'h007fd, 18'h007fc, 18'h007fb, 18'h007fa, 
18'h007f9, 18'h007f8, 18'h007f7, 18'h007f6, 18'h007f5, 18'h007f4, 18'h007f3, 
18'h007f2, 18'h007f1, 18'h007f0)) 

) GTP DRM36K E1 inst ( 


.DOA (do[17:0] ), // OUTPUT[35:0] 

.DOB ( ), // OUTPUT[35:0] 

. ADDRA ((1'bi,addr[10:0],4'b0)), // INPUT[15:0] 
. ADDRB ({1'b1,addr[10:0],4'b@}), // INPUT[15:0] 
. BWEA (в"ьа ), // INPUT[7:0] 

. BWEB (4'be ), // INPUT[3:0] 

.CSA (3759 ), // INPUT[2:0] 

.CSB (3759 ), // INPUT[2:0] 

.DIA ( ), // INPUT[35:0] 

.DIB ( ), // INPUT[35:0] 

.ADDRA HOLD (1780 ), // INPUT 

.ADDRB HOLD (1780 ), // INPUT 

. CEA (ce ), // INPUT 
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„СЕВ 
.CLKA 
.CLKB 
.ОКСЕА 
.ОКСЕВ 
.К5ТА 
.К5ТВ 
.WEA 
.WEB 


); 


2. Multiple 36K DRMs cascade configuration 


(ce 
(с1к 
(сік 
(огсе 
(огсе 
(rst 
(rst 
(1'be 
(1'be 


), 
), 
), 
), 
), 
), 
), 
), 


/7 
// 
// 
// 
// 
// 
// 
// 


INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 


) // INPUT 


6. ROM model 


Multiple 36K DRM cascading in ROM mode is the same as DP mode, please refer to Subsection 2 of 


Section (9) in Chapter 3 for details. 


3. Multiple 36K DRM hard cascade configuration 


Multiple 36K DRM hard cascading in ROM mode is the same as DP mode, see Chapter 3, Section (9) 
Section 3 for details. 
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7. FIFO model 


(1) Model introduction 


DRM РІРО consists of DRM and DRM FIFO CTRL modules, DTM FIFO CTRL module includes: read 
and write pointer generation, status flag generation logic. The top-level structural block diagram of FIFO 


is as follows: 
| + ——4 
Write > Read 
i | Pointer 
Pointer = DRM 
CORE | 
А А À À 
DIL] DOL] 
» и » 
=== 
ЎСЕ RCE 
У | У 
WCLK bo » Full Empty F = ВОК. 
WCE | » Flag Logic Logic RCE 
| 
v y v 
ALMOST FULL FULL EMPTY ALMOST EMPTY 


Figure 24 FIFO Top-level structure diagram 


Users can realize DRM FIFO by instantiating GTP. DRM and configuring it as SDP mode and then 
implementing DRM FIFO CTRL module through user logic or directly instantiating GTP. FIFO. This article 
will introduce СТР FIFO under 36K in detail. The structure and function of 18K and 36K are basically the 
same, only the bit width is different. 

GTP FIFO is divided into synchronous and asynchronous FIFO, which is determined by the parameter 
SYNC FIFO. When the value of the parameter SYNC FIFO is "TRUE", it enters the synchronous FIFO mode; 
when the value of the parameter SYNC FIFO is "FALSE", it enters the asynchronous FIFO mode. The 
asynchronous FIFO mode is shown in Figure 25. In this mode, when the write enable is valid and the FIFO 
is not full, data is written to the FIFO at the rising edge of the write clock; when the read enable is valid 
and the FIFO is not empty, the data is read from the FIFO at the rising edge of the read clock. A full signal 
is generated when the FIFO is full, and the full signal is synchronized with the write clock domain. An 
empty signal is generated when the FIFO is read empty, and the empty signal is synchronized with the 
read clock domain. 

The synchronous FIFO mode is shown in Figure 26. In this mode, the read and write clocks are the 
same clock. When the write enable is valid and the FIFO is not full, write data to the FIFO at the rising edge 
of the clock; when the read enable is valid and the FIFO is not empty, read data from the FIFO at the rising 
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edge of the clock. A full signal is generated when the FIFO is full and an empty signal is generated when 
the FIFO is read empty. 


(2) Data port 


The structure diagram in asynchronous FIFO mode is shown in the figure: 


——> DI[71:0] 


DO[71:0] ———> 
— > WCLK 


FULL > 


----» WCE 


ALMOST ЕСІ > 


— — RCLK 


EMPTY ———» 


— RCE 


——> RST ALMOST EMPTY — —* 


> ORCE ECC SBITERR ———- 


----” ПМЕСТ SBITERR 
ECC DBITERR ———» 


INJECT DBITERR 


Figure 25 Asynchronous FIFO model 


The following table lists the port names and port descriptions in asynchronous FIFO mode. 


Table 37 Asynchronous FIFO port name and description 


PORT МАМЕ .||DIRECTIO DESCRIPTION PORT NAME DESCRIPTION 
N 
DI Write data input DO OUTPUT | Read data out 


WCLK INPUT Write port clock RCLK INPUT | Read port clock 
INPUT Write port clock enable RCE INPUT | Read port clock enable 


INPUT ORCE INPUT | Output register clock 
enable 


FULL OUTPUT | Full flag signal EMPTY OUTPUT | Empty flag signal 
ALMOST_FULL OUTPUT | Near full flag ALMOST_EMPTY | OUTPUT | Empty flag signal 


Error Injection Flag 
Fault Injection Flag 
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The structure diagram in synchronous FIFO mode is shown in the figure: 


— — —x. DI[71:0] DO[71:0] --- 
— CLK FULL ——» 
— СЕ ALMOST FULL = 
----» RST EMPTY —- 
— ORCE ALMOST EMPTY ~> 


----- ІМЛЕСТ SBITERR ECC ЗВІТЕКК -Б> 


----- [NJECT DBITERR ECC РВІТЕКК ———> 


Figure 26 Synchronous FIFO model 


The following table lists the port names and port descriptions in synchronous FIFO mode. 


Table 38 Synchronous FIFO port name and description 


PORT NAME |DIRECTIO DESCRIPTION PORT МАМЕ |DIRECTIO DESCRIPTION 
N 
Write data input OUTPUT | Read data out 


DI 


INPUT psum one INPUT | Output register clock 
enable 


FULL OUTPUT | Full flag signal EMPTY OUTPUT | Empty flag signal 
ALMOST_FULL OUTPUT | Near full flag ALMOST EMPTY | OUTPUT | Empty flag signal 


Error Injection Flag 
Fault Injection Flag 


(3) Bit width combination 


The port bit width of the FIFO is determined by the parameter DATA WIDTH in GTP. For example, 
when the value of the parameter DATA WIDTH is 4, the port data bit width is set to 4 bits. GTP. FIFO does 
not support mixed bit widths. 

The following table shows the allowed bit width combination of FIFO mode in 36K DRM mode. 


Table 39 36K DRM Mode FIFO mode allowed bit width 
MODEL |32КХ1 | 16КХ2 | 8КХ4 | 4KX8 | 2КХ16 | 1KX32 | 512X64 | АКХ9 | 2КХ18 | 1KX36 | 512Х72 


FIFO J J / " / J / / / J J 
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Note : V indicates the supported bit width combination; 
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The following table shows the allowed bit width of FIFO mode in 18K DRM mode. 


Table 40 18K DRM Mode FIFO mode allowed bit width 
MODEL 16KX1 | 8KX2 | 4KX4 | 2KX8 1KX16 | 512X32 | 2KX9 1КХ18 | 512X36 


FIFO J 2 " J N " J 4 4 


Note : V indicates the supported bit width combination. 


(4) Read and write operations 


1. FIFO Timing Parameters 
The following table shows the typical timing parameters and descriptions of DRM FIFO. 


Table 41 DRM FIFO Typical Timing Parameters 


PARAMETER CONTROL SIGNAL DESCRIPTION 
twnENS Write enable signal setup time 
WR EN 
twRENH - Write enable signal hold time 
troens Read enable signal setup time 
RD_EN 
tRDENH = Read enable signal hold time 
tpis Input data build time 
DI 
Тон input data hold time 
tco Delay of data output relative to clock edge (output unregistered ) 
RCLK t 
tco ок n Delay of data output relative to clock edge (output register ) 
tco_ALFULL WCLK to ALMOST FULL 
tco_ALeMPTY RCLK to ALMOSTEMPTY 
The delay of each flag signal relative to the clock edge 
їсо ғои WCLK to FULL 
t 
ма RCLK to EMPTY 
tco WADDR 
я WCLK to WADDR Delay of FIFO read and write pointer signal relative to clock edge 
CO RADDR 


https://innek.ru 77/ 103 Titan2 Series FPGA Dedicated RAM module 


Зе vA 7. FIFO model 


2. Write timing 


The EMPTY signal indicates that the FIFO is empty. When the WCE is valid and valid data is written, 
the EMPTY signal is set to "0" after 1 CLK clock cycle when the FIFO is synchronous; when writing to the 
asynchronous FIFO, the EMPTY signal is set after 2 RCLK clock cycles. Zero. While WCE remains active, the 
ALMOST EMPTY signal is reset to zero with a delay according to the configuration of the 
ALMOST FULL OFFSET parameter. 

The timing diagram for writing to an empty asynchronous FIFO is shown in the following figure: 


WCLK 
LwRENS | | К | twRENH 
WR EN | 
ше T “Шин 
DI | | DO | DI D2 у рз 


RCLK ў . | { А \ 4 - 


RD EN 


| tco EMPTY 
EMPTY 


ALMOSTE l "co ALEMPTY 
MPTY | | tc | 
со 
DO | ў ро 


Figure 2 7 write empty FIFO Timing diagram 


When the FIFO is almost full, the ALMOST FULL flag will be set to 1 on the rising edge of WCLK when 
the difference between the write pointer and read pointer positions is equal to the set value according to 
the configuration of the ALMOST FULL OFFSET parameter. When the FIFO is full, the write pointer is no 
longer incremented. No more write operations are performed. 

The timing diagram for writing to a nearly full FIFO is shown in the following figure: 


WCLK 
twrens | | K+ twrenu 
WR EN 


tors | \ | tom 


DI | | DO f DI y | D2 \ D3 \ D4 \ 
RCLK у у — у С жаа 


RD EN 
СРЯ tco ALFULL 
ALMOST | 
FULL 


| Ко FULL 


FULL г 
1 1со WADDR 


WADDR | |  WADDRO ў  WADDRI| | МАРОКО /|  WADDR3| |  WADDR4 


Figure 28 Write to nearly full FIFO Timing diagram 
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3. Read timing 
The FULL signal indicates that the FIFO is full, and when the RCE reads data effectively, the FULL signal 
is set to zero. While RCE remains active, the ALMOST_FULL signal is reset to zero with a delay according 
to the configuration of the ALMOST_FULL_OFFSET parameter. 
The timing diagram for reading from a full FIFO is shown in the figure below: 


WCLK 
WR_EN 


RCLK | 
lRDENS | 
RD EN 
| tco 


DO ED DOO ( DOL | DO2 | ро X DO4 ) 


| tco ғала. 
FULL 


ALMOST | | | (со ALFULL 
FULL | 
| со RADDR 


RADDR | |  RADDRO |  RADDRI |  RADDR2 ў  RADDR3 )  RADDR4 


Figure 29 Timing diagram for reading from a full FIFO 
When the FIFO will be empty, according to the configuration of the ALMOST FULL OFFSET 
parameter, ALMOST EMPTY is set to 1 in advance when the difference between the write pointer and the 
read pointer position is equal to the set value. When the FIFO is read empty, the read pointer is no longer 
incremented. 
The timing diagram for reading from the empty FIFO is shown in the following figure: 


WCLK 
WR EN 


RCLK | | | 
tRDENs | і f | {арен 
RD EN 


KA tco 


DO | J DOO \ DOI | ) DO2 | роз |) DO4 


ALMOSTE А tco ALEMPTY 
MPTY T - 
| tco EMPTY 


EMPTY 


-7 tco RADDR 


RADDR | | RADDRO |  RADDRI| |  RADDR?2 \  RADDR3, |  RADDR4 
Figure 30 When reading from an empty FIFO 
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4. Flag signal reset timing 
The reset signal RST is an asynchronous reset signal used to reset all flag signals. After it is set to 1, 
the flag signals EMPTY and ALMOST EMPTY are set to 1, and FULL and ALMOST FULL are set to O. After 
RST is set to 1 and reset, it should be maintained for at least 5 read and write clock cycles to ensure that 
all internal states of the FIFO and flag signals are reset to correct values. The reset timing diagram of all 
flag signals is shown in the following figure: 


EMPTY COO ЕЙ : - C о т 2 г — a 
ALMOST EMPTY Й 1: ROI i: d 1: 3 $ R t$ $ 
FULL N 
ALMOST FULL N 
DO 


Figure 31 FIFO Flag Signal Reset Timing diagram 


(5) Internal registers 


The internal registers of FIFO mode are the same as those of DP mode, see Chapter 3, Section (7) for 
details. 


(6) Application example 

This section exemplifies the configuration steps of a single 36K GTP FIFO. Users can also directly 
generate СТР DRM-based FIFO IP through the IP Compiler tool embedded in Pango Design Suite software. 
For details, see the "28nmDRMRAM/FIFO IP User Guide" in the IP Compiler tool. 

The example is asynchronous FIFO mode, the port data width is configured as 1Kx36, and the output 
register is enabled. The configuration steps of 18KFIFO are similar. 

Configure a single 36K FIFO as follows: 

a. Configure the parameters of the FIFO as described in the table below: 
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Table 42 FIFO parameter configuration 


PARAMETER NAME CONFIGURATION DESCRIPTION 
VALUE 


36 
1 
1 


| use ut І а І 
ALMOST_EMPTY_OFFSET Set the empty signal to 1 when the number of 
data stored in the FIFO is less than or equal to 4 
ALMOST_FULL_OFFSET 'D1020 Set the full signal to 1 when the number of data 
stored in the FIFO is greater than or equal to 1020 


b. Connect the ports of the FIFO as shown in the table below: 


Table 43 FIFO port connection 


PORT NAME CONNECTION SIGNAL DESCRIPTION 


DI[71:0] di[35:0] Connect the input data signal di[35:0] to DI[35:0], 
the high DI port is floating or connected to low 
level 


DO[71:0] do[35:0] Connect the input data signal do[35:0] to 
DO[35:0], and the high-order DO port is floating 


c. Other signals of the read-write port: connect the clock of the read-write port, the enable of the 
read-write clock, the enable of the clock of the output register, the reset of the data register, and the flag 
signal to the corresponding read-write port of the corresponding GTP; 

d. The rest of the unused parameters: the rest of the unused parameters are not set, and the default 
values are used; 

e. Other unused ports: The remaining unused ports are left open (ports that are not used and must 
be connected have been described above). 

The configured GTP looks like this: 

GTP FIFO36K E1 #( 

.DATA WIDTH (36), 

.DO REG (1), 

.ALMOST FULL OFFSET ('d1020), 

.ALMOST EMPTY OFFSET ('d4), 

.USE EMPTY (1), 

.USE FULL (1), 

.SYNC FIFO ("FALSE") 

) GTP FIFO36K E1 inst ( 

.DO (do[35:0] ), // OUTPUT[71:0] 

І (di[35:0] ), // INPUT[71:0] 

.ALMOST EMPTY (almost empty), // OUTPUT 

.ALMOST FULL (almost full ), // OUTPUT 
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.EMPTY (empty ), // OUTPUT 
.FULL (full ), // OUTPUT 
.ORCE (orce ), // INPUT 
.RCE (rce ), // INPUT 
.RCLK (rclk ), // INPUT 
.RST (rst ), // INPUT 
„МСЕ (wce ), // INPUT 
.WCLK (wclk ) // INPUT 


)5 
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8. ECC model 


(1) Model introduction 


Only when the DRM is in single 36K mode and configured as SDP/FIFO 512x72 memory mode, it 
supports 72bits width data ECC single bit error correction double bit error detection, in which the valid 
data bits are 64bits, and the other 8bits are stored as ECC parity bits. Simultaneously output ECC SBITERR 
(single bit error correction indication flag), ECC DBITERR (double bits error detection indication flag), ECC 
code and read address in ECC mode (ECC code and read address are only supported in SDP mode) output. 

To configure ECC mode, you need to set the port read and write data bit width of GTP DRM36K E1 
(configured as ХОР mode) or СТР FIFO36K E1 to 72, and then set parameters ECC WRITE EN and 
ECC READ EN to "TRUE". 

1. When ECC encoding and ECC decoding are enabled: 

When there is a single bit error when reading 64-bit data, the error can be corrected and the correct 
data can be read, and the ECC SBITERR status flag is set at the same time. 

When there is a double-bit error when reading 64-bit data, the wrong read data cannot be corrected, 
and the ECC DBITERR status flag is set. 

2. The ECC encoding module supports users to insert single-bit or double-bit errors. 

A single bit error is inserted into WD[30]. 

Double bit errors are inserted into WD[62] and WD[30]. 


(2) Data port 
The structure diagram of ECC mode of SDP RAM is shown in the figure below: 


ECC WRITE EN 


— 8 
ч 
(DIA,DIB) DE l R MO ECC_SBITERR 
(DB1,DA1,DBO,DAO) | 
Е -|4 ч J 
ч ORCEA/B 
INJECT. SBITERR | = | о) ЕСС < 
EGO á | MEM = 72 Decoder 1 
INJECT_OBITERR Encoder | ECC PARITY[7:0] pee 5 | | в 1 0ЈЕСС DBITERR 
WD[63:0] ЎЎ 64. 1 ай Мк m 
СЕ 
= » | 172 
SDP 512x72 о-в /10К0171:0] 
1 | 
ADDRA[13:5] ECC READ Ем ORCEA/B 
қ — ——1119 
ADDRB[13:5] T lal | | в |-|0/ECC. RADDR[&:0] 
ORCEA/B 


Figure 32 ECC mode structure diagram of SDP RAM 
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WD[63:0]={DIB[34:27, 25:18, 16:9, 7:0],DIA[34:27, 25:18, 16:9, 7:0]} is ECC mode 64 RD[71:0]={DOB, 
DOA} is 72-bit read data in ECC mode. Among them, ECC_PARITY={DOB[35, 26, 17,8],DOA[35, 26, 17, 8]} 
is the 8-bit ECC check code output, dout[63:0]-(DOB[34:27, 25 :18, 16:9, 7:0], DOA[34:27,25:18, 16:9, 
7:0]! are valid 64-bit read data in this mode. 


8. ECC model 


(3) Read and write operations 


The timing diagram of reading and writing in ECC mode of SDP RAM is shown in the figure below, 
А-А, the injected single-bit error is corrected, and the single-bit error flag signal is set to 1; C"[63, 61:31, 
29:0]- C[63, 61:31, 29:0], C"[62, 30]zC[62, 30], the injected double-bit error is not corrected, but 
detected, and the double-bit error flag signal is set to 1. The ECC mode read and write timing of FIFO is 


similar. 

1 2 3 4 5 6 7 
WCLK 4 | 4 | $ | 4 | 4 | 4 | 
WCE / 


ADDRA[I3:5] 
WD[63:0] 
PARATY[8:0] 
INJECT ӨВТЕВВ:__:_ / Т М: : : 7: :_: OO O Oo 


Inject Signle Bit Error 


INJECT DBITERR / N 


Inject Double Bits Error 


Figure 33 SDP RAM write timing diagram in ECC mode 
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1 2 3 4 5 6 T 
RCLK + | 4 | | = Lf | 4 L 
RCE / 


ADDRB[13:5] / а X b X c X d X : 9 
dout[63:0] КА X B X C"X D 2 
ECC RADDR[$:0] Cm X b хах а; 


ECC SBITERR РА \ 
Signle Bit Error 


ECC DBITERR / \ 


Double Bits Error 


Figure 34 ECC mode read timing diagram of SDP RAM 


(4) Application examples 
1. ECC Mode Configuration for SDP RAM 


This section illustrates the ECC mode configuration steps of a single 36K DRM with an example port 


bit width of 512x72 (realized by A/B port DOA/DOB splicing), two ports with different clocks, and the 
output register enabled. 

Configure a single 36K DRM as follows: 

a. To configure a single DRM as SDP RAM mode 512x72 mode, please refer to Section 1 of Section 
(9) of Chapter 4; 

b. Configure the ECC related parameters of DRM as described in the following table: 


Table 44 DRM parameter configuration 


PARAMETER NAME | CONFIGURATION VALUE DESCRIPTION 


ECC WRITE EN 


ECC READ EN 


"TRUE" Enable ECC read and write function 


c. Connect the ports of the DRM as shown in the table below: 
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8. ECC model 


Table 45 DRM port connection 


CONNECTION SIGNAL 


DESCRIPTION 


DIA[35:0] 


{1'bO, di[31:24], 1'bO, 
di[23:16], 10, di[15:8], 1'b0, 
di[7:0]) 


А/В port splicing realizes 72bit write data port, 
DIA input lower 32 bits ECC mode effective write 
data di[31:0], DIA[8], DIA[17], DIA[26], DIA[35] 
(byte Additional information bit, see appendix 
byte additional information bit) is stored as ECC 
parity bit, floating or connected to low level 


DIB[35:0] 


(150, di[63:56], 1'bO, 
di[55:48], 1'bO, di[47:40], 
1150, di[39:32]) 


А/В port splicing realizes 72-bit write data port, 
DIB outputs high 32-bit ECC mode effective write 
data di[63:32], DIB[8], DIB[17], DIB[26], DIB[35] 
are ECC calibration Check bit storage, floating or 
connected to low level 


DOA[35:0] 


DOB[35:0] 


(1%, do[31:24], 1'bz, 
do[23:16], 1'bz, do[15:8], 
1'bz, do[7:0]} 


(1%, do[63:56], 1'bz, 
do[55:48], 1'bz, do[47:40], 
1'bz, do[39:32]} 


A/B port splicing realizes 72-bit read data port, 
DOA output lower 32-bit ECC mode effective 
read data do[31:0], DOA[8], DOA[17], DOA[26], 
DOA[35] are ECC calibration Verification storage, 
floating 
А/В port splicing realizes 72-bit read data port, 
DOB outputs high 32-bit ECC mode effective 
read data do[63:32], DOB[8], DOB[17], DOB[26], 
DOB[35] are ECC calibration Verification storage, 


floating 


d. Other signals of the read-write port: connect the clock, clock enable, output register clock enable, 


data register reset, and ECC-related signals of the read-write port to the corresponding A/B ports of the 


corresponding GTP; 


e. The rest of the unused parameters: the rest of the unused parameters are not set, and the default 


values are used; 


f. Other unused ports: The remaining unused ports are left open (ports that are not used and must 


be connected have been described above). 


The configured GTP | 


GTP DRM36K E1 #( 
.DATA WIDTH A 
.DATA WIDTH B 


ooks like this: 


(72), 
(72), 


.WRITE MODE A 
.WRITE MODE B 
.DOA REG 

.DOB REG 

«ВАМ MODE 
.ECC READ EN 
.ECC WRITE EN 


("NORMAL WRITE"), 
("NORMAL WRITE"), 
(1), 

(1), 
("SIMPLE DUAL PORT"), 
("TRUE"), 

("TRUE") 


https: 


) СТР DRM36K Е1 inst ( 


.DOA (doa ), // OUTPUT[35:0] 

.DOB (dob ), // OUTPUT[35:0] 

. ADDRA ((1'bi,addr[8:0],6'b0)), // INPUT[15:0] 
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. ADDRB ((1'b1,addr[8:0],6'b0)), // INPUT[15:0] 
. BWEA (8'hff ), // INPUT[7:0] 
. BWEB (4'be ), // INPUT[3:0] 
.CSA (3759 ), // INPUT[2:0] 
.CSB (3750 ), // INPUT[2:0] 
.DIA ((1'b0,di[31:24],1'b0,di[23:16],1'b0,di[15:8],1'b0,di[7:0]]), // 
INPUT[ 35:0] 
.DIB (11'b0,di[63:56],1'b0,di[55:48],1'b0,di[47:40],1'b0,di[39:32])), // 
INPUT[35:0] 
.ADDRA HOLD (1750 ), // INPUT 
.ADDRB HOLD (158 ), // INPUT 
.CEA (ce ), // INPUT 
.CEB (ce ), // INPUT 
.CLKA (wr. clk ), // INPUT 
.CLKB (rd clk ), // INPUT 
. ORCEA (orce ), // INPUT 
.ОКСЕВ (огсе ), // INPUT 
.RSTA (wr rst ), // INPUT 
.RSTB (rd rst ), // INPUT 
.WEA (we ), // INPUT 
.WEB (158 ), // INPUT 


.ECC DBITERR (ecc dbiterr ), // OUTPUT 

.ECC SBITERR (ecc sbiterr ), // OUTPUT 

.INJECT DBITERR (inject dbiterr), // INPUT 

.INJECT SBITERR (inject sbiterr) // INPUT 

); 

assign do[63:0] = 
(dob[34:27],dob[25:18],dob[16:9],dob[7:0],doa[34:27],d0oa[25:18],doa[16:9], doa[7:0]}; 


2. ECC mode configuration for FIFO 
This section illustrates the ECC mode configuration steps of a single 36K FIFO, the example port bit 
width is 512x72, the two ports have different clocks, and the output register is enabled. 
Configure a single 36K FIFO as follows: 
a. To configure a single FIFO, please refer to Subsection 1 of Section 6 of Chapter 7; 
b. Configure the ECC-related parameters of the FIFO as described in the table below: 


Table 46 FIFO parameter configuration 


PARAMETER NAME | CONFIGURATION VALUE DESCRIPTION 


ECC WRITE EN 


ECC READ EN 


"TRUE" Enable ECC read and write function 
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c. Connect the ports of the FIFO as shown in the table below: 


Table 47 FIFO port connection 


CONNECTION SIGNAL DESCRIPTION 


DI input 64-bit ECC mode effective write data 
(140, di[63:56], 180, di[55:48], | di[63:0], DI[8], DI[17], 01126], DI[35], DI[44], DI[53], 
1'bO, di[47:40], 1'bO, di[39:32], 1'bO, | DI[62] ~ DI[71] (byte additional information bit, 
di[31:24], 1'bO, di[23:16], 1'bO, | зее appendix byte additional information bit) is the 
di[15:8], 1'bO, di[7:0]} storage of ECC parity bit, floating or connected to 
low level 


PORT NAME 


DI[72:0] 


{1'bz, do[63:56], 1'bz, do[55:48], | DO output 64-bit ECC mode effective read data 
1'bz, do[47:40], 1'bz, do[39:32], | do[63:0], DO[8], DO[17], DO[26], DO[35], DO[44], 
17, do[31:24], 1'bz, do[23:16],| DO[53], DO[62] ~ DO[71] is the storage of ECC 
1'bz, do[15:8], 1'bz, do[7:0]} parity bit, floating 


DOB[35:0] 


d. Other signals of the read-write port: connect the clock, clock enable, output register clock enable, 
data register reset, and ECC related signals of the read-write port to the corresponding GTP corresponding 
read-write port; 

e. The rest of the unused parameters: the rest of the unused parameters are not set, and the default 
values are used; 

f. Other unused ports: The remaining unused ports are left open (ports that are not used and must 
be connected have been described above). 

The configured GTP looks like this: 


GTP FIFO36K E1 #( 

.DATA WIDTH (72), 

.DO REG (1), 

.ECC READ EN ("TRUE"), 

.ECC WRITE EN ("TRUE"), 

.USE EMPTY (1), 

.USE FULL (1), 

.SYNC FIFO ("FALSE") 

) GTP FIFO36K E1 inst ( 

.DO (do gtp ), // OUTPUT[71:0] 

„от ((1'be, di[63:56], 1'b@, di[55:48], 150, di[47:40], 150, di[39:32], 150, 
di[31:24],1'b0,di[23:16], 150, di[15:8], 150, di[7:0])), // INPUT[71:0] 
.EMPTY (empty ), // OUTPUT 

.FULL (full ), // OUTPUT 

.ORCE (orce ), // INPUT 

.RCE (rce ), // INPUT 

.RCLK (rclk ), // INPUT 

.RST (rst ), // INPUT 

.WCE (wce ), // INPUT 

.WCLK (иск ), // INPUT 

.ECC DBITERR (ecc dbiternr ), // OUTPUT 

.ECC SBITERR (ecc sbiterr ), // OUTPUT 

.INJECT DBITERR (inject dbiterr), // INPUT 

.INJECT SBITERR (inject sbiterr) // INPUT 

); 

assign do[63:0] = (do gtp[70:63], do gtp[61:54], do gtp[52:45], do gtp[43:36], do gtp[34:27], 
do gtp[25:18],do gtp[16:9], do ер! 7:91); 
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Address and data port Mapping 


Table 48~Table 53 are the address and data port mapping corresponding to 36K. Titan2 series DRM 
has a single 36Kbits or two 18Kbits storage space. 


Table 48 Address input and output ports (data bit width <64 ) mapping table 


32К*1 ADDRA[14:0] ADDRB[14:0] 
16K*2 ADDRA[14:1] ADDRB[14:1] 
8K*4 ADDRA[14:2] ADDRB[14:2] 
AK*8(9) ADDRA[14:3] ADDRB[14:3] 
2K*16(18) ADDRA[14:4] ADDRB[14:4] 
1K*32(36) ADDRA[14:5] ADDRB[14:5] 
(SP/SDP mode) 


When A The port is DPx32/36 mode, the address input and output port mapping is shown in the table 
below 


Table 49 Address input and output ports ( A Port data bit width 232/36 @ DP mode ) mapping table 


32K*1 {ADDRB[4], ADDRB[14:5], ADDRB[3:0]} 
16K*2 | {ADDRB[4], ADDRB[14:5], ADDRB[3:1]} 
8K*4 | ПЕТ {ADDRB[4], ADDRB[14:5], ADDRB[3:2]} 
AK*8(9) | | {ADDRB[4], ADDRB[14:5], ADDRB[3]} 
2K*16(18) {ADDRB[4], ADDRB[14:5]} 
1K*32(36) (DP mode) ADDRB[14:5] 


When port B is in DPx32/36 mode, the address input and output port mapping is shown in the table 
below 


Table 50 Address input and output ports ( B Port data bit width 232/36 @ DP mode ) mapping table 


32K*1 (ADDRA[4], ADDRA[14:5], ADDRA[3:0]} 
16K*2 {ADDRA|4], ADDRA[14:5], ADDRA[3:1]} 
8K*4 (ADDRA[4], ADDRA[14:5], ADDRA[3:2]} 
ADDRB[14:5] 
AK*8(9) {ADDRA|4], ADDRA[14:5], ADDRA[3]} 
2K*16(18) {ADDRA|4], ADDRA[14:5]} 
1K*32(36) (DP mode) ADDRA[14:5] 
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Table 51 Address input and output ports ( A Port data bit width 264/72 @ SDP mode ) mapping table 


32K*1 {ADDRB[5], ADDRB[14:6], ADDRB[4:0]} 
16K*2 {ADDRB[5], ADDRB[14:6], ADDRB[4:1]} 
8K*4 {ADDRB[5], ADDRB[14:6], ADDRB[4:2]} 
AK*8(9) РОВА а {ADDRB[5], ADDRB[14:6], ADDRB[4:3]} 
2K*16(18) {ADDRB[5], ADDRB[14:6], ADDRB[4]} 
1K*32(36) (SDP mode) {ADDRB[5], ADDRB[14:6]} 
512*64 ADDRA(14:6] ADDRB[14:6] 


When B When the port is in SDPx64/72 mode, the address input and output port mapping is shown 
in the table below. 


Table 5 2 Address input and output ports ( B Port data bit width =64/72 @ SDP mode ) mapping table 


32K*1 {ADDRA|[5], ADRDA[14:6], ADDRA[4:0]} 

16K*2 {ADDRA|[5], ADDRA[14:6], ADDRA[4:1]} 

8K*4 {ADDRA[5],ADDRA[14:6],ADDRA[4:2]} 
ADDRB[14:6] 

AK*8(9) {ADDRA|[5], ADDRA[14:6], ADDRA[4:3]} 

2K*16(18) (ADDRA[5],ADDRA[14:6], ADDRA[4]} 
1K*32(36) (SDP mode) {ADDRA|[5], ADDRA[14:6]} 

512*64 ADDRA[14:6] ADDRB[14:6] 


The data input and output ports are shown in the table below. 


Table 53 Data input and output port mapping table 


32K*1 DIA[O] DIB[O] DOA[X], any one of Х=16^9, DOB[X], any one of 
7"0 Х-16%9,7%0 
16K*2 DIA[1:0] DIB[1:0] DOA[X+1:X],X=0,2,4, DOB[X+1:X],X=0,2,4, 
9,11,12,15 9,11,12,15 
8K*4 DIA[3:0] DIB[3:0] DOA[X+3:X],X=0,4,9, DOB[X+3:X],X=0,4,9, 
12 12 
4K*8 DIA[7:0] DIB[7:0] DOA[7:0] or DOB[7:0] or 
DOA[16:9] DOB[16:9] 
4K*9 DIA[8:0] DIB[8:0] DOA[8:0] or DOB[8:0] or 
DOA[17:9] DOB[17:9] 
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2K*16 DIA[16:9,7:0] DIB[16:9,7:0] DOA[16:9,7:0] DOB[16:9,7:0] 
2K*18 DIA[17:0] DIB[17:0] DOA[17:0] DOB[17:0] 
1K*32(DP)  |DIA[34,27,25:18,1| DIB[34,27,25:18,16,, РОА [34,27,25:18,16,9, DOB[34,27,25:18,16,9,7:0] 
6, 9 7:0] 7:0] 
9,7:0] 
1K*36(DP) DIA[35:0] DIB[35:0] DOA[35:0] DOB[35:0] 
1K*32(SP/SDP) | DIA[34,27,25:18, N/A N/A DOB[34,27,25:18,16,9,7:0] 
16,9,7:0] 
1K*36(SP/SDP) DIA[35:0] N/A N/A DOB[35:0] 
{DIB[34:27,25:18, {DOB[34:27,25:18,16,9,7:0], 
512*64 16,9,7:0], N/A N/A DOA[34:27,25:18,16,9,7:0]} 
DIA[34:27,25:18,1 
6,9,7:0]} 
512*72 {DIB,DIA} N/A N/A {DOB,DOA} 


Table 54 18K DRM Address and data port mapping corresponding to the memory in the mode 


COMBIN A PORT BPORT  |APORTDATA B PORT DATA АРОВТ DATA B PORT DATA 
TION ADDRESS ADDRESS OUTPUT ENTER OUTPUT OUTPUT 
MODE ENTER 
16K*1 | ADDRA[13:0] | ADDRB[13:0] DIA[O] DIB[O] DOAIX], апу опе of | DOB[X], апу one of 

X-16^9,7^0 Х-16%9,7%0 
8K*2 | ADDRA[13:1] | ADDRB[13:1] DIA[1:0] DIB[1:0] DOA[X+1:X], DOB[X+1:X], 
X=0,2,4,9,11,12,15 | X=0,2,4,9,11,12,15 
4K*4 | ADDRA[13:2] | ADDRB[13:2] DIA[3:0] DIB[3:0] DOA[X«3:X], DOB[X+3:X], 
X=0,4,9,12 X=0,4,9,12 
2K*8 | ADDRA[13:3] | ADDRB[13:3] DIA[7:0] DIB[7:0] DOA[7:0] or DOB[7:0] or 
DOA[16:9] DOB[16:9] 
2K*9 | ADDRA[13:3] | ADDRB[13:3] DIA[8:0] DIB[8:0] DOA[8:0] or DOB[8:0] or 
DOA[17:9] DOB[17:9] 
1K*16 | ADDRA[13:4] | ADDRB[13:4] | DIA[16:9,7:0] | DIB[16:9,7:0] DOA[16:9,7:0] DOB[16:9,7:0] 
1K*18 | ADDRA[13:4] | ADDRB[13:4] DIA[17:0] DIB[17:0] DOA[17:0] DOB[17:0] 
512*32 | ADDRA[13:5] | ADDRB[13:5] | DIB[16:9,7:0], N/A N/A DOB[16:9,7:0], 
DIA[16:9,7:0]) DOB[16:9,7:0]) 
512*36 | ADDRA[13:5] | ADDRB[13:5] (DIB[17:0], N/A N/A ( DOB[17:0],DOA[17: 
DIA[17:0]) 01) 


The following table shows the data address mapping of x1, x2, x4, x8, x16, x32 data bit width and x9, 


x18, x36 data bit width respectively.. 


Table 55 Different bit width data address Mapping ( x1, x2 , x4 , x8 , x16 , x32 data width ) 
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LOWEST PORT ADDRESS ( COMPARED WITH THE LOWEST BIT PORT ADDRESS IN 
MAXIMUM DATA WIDTH MODE ) 


1 1|1[1[11|10 7 514131211 
312 
Table 56 Different bit width data address Mapping ( x9 , x18 , x36 data width ) 


DATA | LOWEST PORT ADDRESS ( COMPARED WITH THE LOWEST BIT PORT ADDRESS IN 
WIDTH MAXIMUM DATA WIDTH MODE 


Index 


Initialize configuration parameter map 


INIT XX is the initialization configuration parameter of DRM. They initialize DRM and determine the 
initial value of memory. By default, the initial value of DRM is all 0. СТР DRM18K Е1 has 64 initialization 
configuration parameters from INIT 00 to INIT ЗЕ, СТР DRM36K E1 has 128 initialization configuration 
parameters from INIT OO to INIT 7F, each configuration parameter is 288 digits, and 288 bits memory 
corresponding to the DRM address is configured. 

The following formulas and tables are used to confirm the location of the memory bit mapped by 
each INIT XX (where YY is the converted decimal number of the hexadecimal number XX): 

Highest bit = | (ҮҮ+1)*288)]- 1 
Lowest bit = (YY)*288 


Table 57 INIT XX parameter mapping 


PARAMETER HIGHEST BIT LOWEST BIT 
INIT 00 287 0 
INIT 01 575 288 
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INIT_02 863 576 
INIT_20 9503 9216 
INIT_3F 18431 18144 
INIT 7F 36575 36288 


When the data bit width is 2", that is, 1/2/4/8/16/32/64bit, every 9 bits of INIT XX data in the above 
table only maps the lower 8 bits to the memory; the data bit width is 9 x 2", that is, 9/18/36 When /72bit, 
all INIT XX data are mapped to memory. For example, when the DRM configuration is 8x4K, INIT 00[7:0] 
corresponds to the address addr is 0 to read the initial value of the data, and INIT. 00[16:9] corresponds 
to the address addr to read the initial value of the data when it is 1; when the DRM configuration When 
it is 9x4K, INIT 00[8:0] corresponds to the initial value of the read data when the address addr is 0, and 
INIT 00[17:9] corresponds to the initial value of the read data when the address addr is 1. 

For the application example of initialization configuration parameter INIT XX, please refer to 
subsection 1 of Section (7) of Chapter 6 for details. 


DRM Port Signal Description 


1. Address bus (ADDRA[15:0], ADDRB[15:0]): А/В port read and write address, among them, 
ADDRA[15], ADDRB[15] are hard cascade address expansion signals, when not in use In the hard cascading 
mode, it needs to be connected to a high level; the effective number of bits of the remaining address bus 
is related to the read and write data bit width. For example, if DRM36K is configured as 32-bit read and 
write data bit width, the address bit width is 10 bits. The effective address input is ADDRA[14:5], 
ADDRB[14:5], and the remaining ADDRA[4:0] and ADDRB[4:0] are connected to low level. DRM18K does 
not support hard cascading, and there is no hard cascading address extension signal. The A/B port read 
and write addresses of DRM18K are ADDRA[13:0], ADDRB[13:0]. For example, DRM18K is configured as 
32-bit read and write data bit width , the address bit width is 9 bits, the effective address input is 
ADDRA[13:4], ADDRB[13:4], and the remaining ADDRA[3:0] and ADDRB[3:0] need to be connected to low 
level. For detailed address mapping relationship, please refer to Appendix Address and Data Port 
Mapping. 

2. Address holding signal (ADDRA HOLD, ADDRB HOLD): When the port is set to high level, the 
corresponding port address input keeps the previous value unchanged, and does not change with the 
change of the input address; when the port is set to low level, the corresponding port address input is the 
address bus The address of the port input. When the address holding function is not used, this port needs 
to be connected to low level. 3. Data bus (DIA[35:0], DIB[35:0], DOA[35:0], DOB[35:0]): read and write 
data ports of A and B ports, the detailed data port mapping relationship can be Refer to Appendix Address 
and Data Port Mapping. 

4. Address extension signal (CSA[2:0], CSB[2:0]): Multiple DRMs can be combined into larger DPRAM, 
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SDP RAM, SP RAM, ROM or FIFO through cascade expansion. In this regard, the A and B ports of DRM each 
provide an additional 3bit address extension, which is often used for deep extension applications. For 
details, see Section 3, Section (9) of Chapter 3. 5. Write enable signal (WEA, WEB): DRM write operation 
control signal, the specific write operation timing can refer to Chapter 3 Section (5). 

6. Byte enable signal (BWEA[7:0], BWEB[3:0]): DRM's byte enable write operation control signal, each 
bit controls a byte of data when the write enable is pulled high Whether to write to the corresponding 


Appendix 


address, especially, in SDP mode, the byte enable write operation is only controlled by BWEA[7:0]. When 
byte enable mode is not used, the byte enable signal should be connected to high level. 7. Clock-related 
signals (CLKA, CLKB, CEA, CEB): DRM A, B port clock and its enable signal, in SDP mode, CLKA, CEA are 
write clock and its enable signal, CLKB, CEB are read clock and its enable signal. 8. Output register related 
signals (ORCEA, ORCEB, RSTA, RSTB): A, B port output register enable signal and reset signal. 

9. Cascading signal (CINA, CINB, COUTA, COUTB): In 64Kx1 mode, it is used for deep cascading, and 
the data output of the A and B ports of the adjacent DRM is cascaded input/output. 

10. ECC mode related signals (ІМЛЕСТ SBITERR, INJECT DBITERR, ECC SBITERR, ECC DBITERR, 
ECC PARITY[7:0], ECC RDADDR[8:0]): the above signals are single/double bit error injection signal, 
single/double bit error flag signal, ECC encoding check digit output, ECC decoding read address output. 


Byte Additional Information Bits 


In the 18K data width of x9, x18 mode and 36K data width of x9, x18, x36, x72 mode, each byte has 
an additional information storage bit, as shown in the following table: 


Table 58 byte list of additional information bits 


DATA INPUT DATA INPUT 
PORT MODEL 


BYTE ADDITIONAL BYTE ADDITIONAL 
INFORMATION INFORMATION 
BITS BITS 
18K. 36K DIA[7:0] DIA[8] dia[7:0] dia [8] 
18K. 36K DIA [16:9] DIA[17] dia[16:9] dia[17] 
A 
DIA [25:18] DIA[26] dia [25:18] dia [26] 
DIA [34:27] DIA[35] dia[34:27] dia[35] 


The above additional information bits need to be suspended or connected to low level in x1, x2, x4, 
x8, x16, x32, x64 modes. 


ЕЗ 
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GTP_DRM36K_E1 instantiation template 


GTP_DRM36K_E1 #( 
.GRS_EN("TRUE"), 
.CSA MASK (3'b000) , 
.CSB MASK(3'b000), 
.DATA WIDTH A(18), 
.DATA WIDTH B(18), 
.WRITE MODE A("NORMAL WRITE"), 
.WRITE MODE B("NORMAL WRITE"), 
.DOA REG(0), 
.DOB REG(0), 
.DOA REG CLKINV(0), 
.DOB REG CLKINV(0), 
.RSTA VAL(36'b0), 
.АЅТВ VAL(36'b0), 
.RST. TYPE("SYNC"), 
«ВАМ MODE("TRUE DUAL PORT"), 
«ВАМ CASCADE ("МОМЕ"), 

.ECC READ EN("FALSE"), 

.ECC WRITE EN("FALSE"), 
.INIT 00(288'b0), 
.INIT 01(288'b0), 
.INIT 02(288'b0), 
.INIT 03(288'b0), 
.INIT 04(288'b0), 
.INIT 05(288'b0), 
.INIT 06(288'b0), 
.INIT 07(288'b0), 
.INIT 08(288'b0), 
.INIT 09(288'b0), 
.INIT 0A(288'b0), 
.INIT 0B(288'b0), 
.INIT дс(288"00), 
.INIT 0D(288'b0), 
.INIT 0E(288'b0), 
.INIT 0F(288'b0), 
.INIT 10(288'b0), 
.INIT 11(288'b0), 
.INIT 12(288'b0), 
.INIT 13(288'b0), 
.INIT 14(288'b0), 
.INIT 15(288'b0), 
.INIT 16(288'b0), 
.INIT 17(288'b0), 
.INIT 18(288'b0), 
.INIT 19(288'b0), 
.INIT 1A(288'b0), 
.INIT 1B(288'b0), 
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.INIT 1C(288'b0), 
.INIT 1D(288'b0), 
.INIT 1E(288'b0), 
.INIT 1F(288'b0), 
.INIT 20(288'b0), 
.INIT 21(288'b0), 
.INIT 22(288'b0), 
.INIT 23(288'b0), 
.INIT 24(288'b0), 
.INIT 25(288'b0), 
.INIT 26(288'b0), 
.INIT 27(288'b0), 
.INIT 28(288'b0), 
.INIT 29(288'b0), 
.INIT 2A(288'b0), 
.INIT 2B(288'b0), 
.INIT 2C(288'b0), 
.INIT 2D(288'b0), 
.INIT 2E(288'b0), 
.INIT 2F(288'b0), 
.INIT 30(288'b0), 
.INIT 31(288'b0), 
.INIT 32(288'b0), 
.INIT 33(288'b0), 
.INIT 34(288'b0), 
.INIT 35(288'b0), 
.INIT 36(288'b0), 
.INIT 37(288'b0), 
.INIT 38(288'b0), 
.INIT 39(288'b0), 
.INIT 3A(288'b0), 
.INIT 3B(288'b0), 
.INIT 3C(288'b0), 
.INIT 3D(288'b0), 
.INIT 3E(288'b0), 
.INIT 3F(288'b0), 
.INIT 40(288'b0), 
.INIT 41(288'b0), 
.INIT 42(288'b0), 
.INIT 43(288'b0), 
.INIT 44(288'b0), 
.INIT 45(288'b0), 
.INIT 46(288'b0), 
.INIT 47(288'b0), 
.INIT 48(288'b0), 
.INIT 49(288'b0), 
.INIT 4A(288'b0), 
.INIT 4B(288'b0), 
.INIT 4C(288'b0), 
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.INIT 4D(288'b0), 
.INIT 4E(288'b0), 
.INIT 4F(288'b0), 
.INIT 50(288'b0), 
.INIT 51(288'b0), 
.INIT 52(288'b0), 
.INIT 53(288'b0), 
.INIT 54(288'b0), 
.INIT 55(288'b0), 
.INIT 56(288'b0), 
.INIT 57(288'b0), 
.INIT 58(288'b0), 
.INIT 59(288'b0), 
.INIT 5A(288'b0), 
.INIT 5B(288'b0), 
.INIT 5C(288'b0), 
.INIT 5D(288'b0), 
.INIT 5E(288'b0), 
.INIT 5F(288'b0), 
.INIT 60(288'b0), 
.INIT 61(288'b0), 
.INIT 62(288'b0), 
.INIT 63(288'b0), 
.INIT 64(288'b0), 
.INIT 65(288'b0), 
.INIT 66(288'b0), 
.INIT 67(288'b0), 
.INIT 68(288'b0), 
.INIT 69(288'b0), 
.ІМІТ 6A(288'b0), 
.INIT 6B(288'b0), 
.INIT 6C(288'b0), 
.INIT 6D(288'b0), 
.INIT 6E(288'b0), 
.INIT 6F(288'b0), 
.INIT 70(288'b0), 


.INIT 71(288'b0), 
.INIT 72(288'b0), 


.INIT 73(288'b0), 
.INIT 74(288'b0), 
.INIT 75(288'b0), 
.INIT 76(288'b0), 
.INIT 77(288'b0), 
.INIT 78(288'b0), 
.INIT 79(288'b0), 
.INIT 7A(288'b0), 
.INIT 7B(288'b0), 
.INIT 7C(288'b0), 
.INIT 7D(288'b0), 
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.INIT 7E(288'b0) 
.INIT 7F(288'b0) 


2 


2 


.INIT FILE("NONE"), 


.BLOCK X(0), 
.BLOCK Y(0), 
.RAM DATA WIDTH( 
«ВАМ АРОК WIDTH( 


9), 
12), 


.INIT FORMAT ("BIN") 
) GTP DRM36K Е1 inst ( 


. INJECT_DBITERR 


.DOA (doa 
.DOB (dob 
.ECC PARITY 
.ЕСС RDADDR 
„АООВА (ааага 
.ADDRB = (addrb 
. BEA (bwea 


.BWEB  (bweb 
.CSA (csa 
.CSB (csb 
.DAY (day 
.DIB (dib 


.COUTA  (couta 
.COUTB  (coutb 
.ECC DBITERR 
.ECC SBITERR 
.ADDRA HOLD 
.ADDRB HOLD 
.CEA (cea 
.CEB (ceb 

. CINA (cina 
. CINB (cinb 
.CLKA (clka 
.CLKB  (clkb 
.INJECT SBITERR 
.ORCEA  (orcea 
„ОКСЕВ  (orceb 
.RSTA (rsta 


.RSTB (rstb 
.WEA (wea 

.WEB (web 

); 


GTP. DRM18K E1 instantiation template 


(inject dbiterr), 


), 
), 
(ecc parity ), 
(ecc rdaddr ), 
), 
), 
), 
), 
), 
23 
), 
), 
), 
), 


(ecc dbiterr ), 
(ecc sbiternr ), 
(addra hold ), 
(addrb hold ), 


(inject sbiterr), 
)› 
)› 
)› 
)› 
)› 
) 


GTP ОВМ18К Е1 #( 


„685 EN("TRUE"), 


.DATA WIDTH A(18), 
.DATA WIDTH B(18), 
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.DOA REG(0), 
.DOB REG(0), 
.DOA REG CLKINV(0), 
.DOB REG CLKINV(0), 
.RSTA VAL(18'b0), 

.RSTB VAL(18'b0), 

.RST. TYPE("SYNC"), 
«ВАМ MODE("TRUE DUAL PORT"), 

.WRITE MODE A("NORMAL WRITE"), 
.WRITE MODE B("NORMAL WRITE"), 
.INIT 00(288'b0), 
.INIT 01(288'b0), 
.INIT 02(288'b0), 
.INIT 03(288'b0), 
.INIT 04(288'b0), 
.INIT 05(288'b0), 
.INIT 06(288'b0), 
.INIT 07(288'b0), 
.INIT 08(288'b0), 
.INIT 09(288'b0), 
.INIT 0A(288'b0), 
.INIT 0B(288'b0), 
.INIT 9С(288 0), 
.INIT 0D(288'b0), 
.INIT 0E(288'b0), 
.INIT 0F(288'b0), 
.INIT 10(288'b0), 
.INIT 11(288'b0), 


.INIT 12(288'b0), 
.INIT 13(288'b0), 


.INIT 14(288'b0), 
.INIT 15(288'b0), 
.INIT 16(288'b0), 
.INIT 17(288'b0), 
.INIT 18(288'b0), 
.INIT 19(288'b0), 
.INIT 1A(288'b0), 
.INIT 1B(288'b0), 
.INIT 1C(288'b0), 
.INIT 1D(288'b0), 
.INIT 1E(288'b0), 
.INIT 1F(288'b0), 
.INIT 20(288'b0), 
.INIT 21(288'b0), 
.INIT 22(288'b0), 
.INIT 23(288'b0), 
.INIT 24(288'b0), 
.INIT 25(288'b0), 
.INIT 26(288'b0), 
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.INIT_27(288'b0), 
.INIT_28(288'b0), 
.INIT_29(288'b0), 
.INIT_2A(288'b0), 
.INIT 2B(288'b0), 
.ІМІТ 2C(288'b0), 
.INIT 2D(288'b0), 
.INIT 2E(288'b0), 
.INIT 2F(288'b0), 
.ІМІТ 30(288'b0), 
МІТ 31(288'b0), 
.ІМІТ 32(288'b0), 
.ІМІТ 33(288'b0), 
.ІМІТ 34(288'b0), 
.ІМІТ 35(288'b0), 
.ІМІТ 36(288'b0), 
.ІМІТ 37(288'b0), 
.ІМІТ 38(288'b0), 
.ІМІТ 39(288'b0), 
МІТ 3A(288'b0), 
.INIT 3B(288'b0), 
.ІМІТ 3C(288'b0), 
.ІМІТ 3D(288'b0), 
МІТ 3E(288'b0), 
МІТ 3F(288'b0), 
МІТ FILE("NONE"), 
„вгоск X(0), 
„вгоск Y(0), 
.RAM DATA WIDTH(9), 

.RAM ADDR WIDTH(11), 

.ІМІТ FORMAT ( "BIN") 

) GTP ОВМ18К Е1 inst ( 
.DOA (doa ), 
.DOB (dob ), 
.ADDRA (ааага ), 
.ADDRB (addrb ), 
„ВИЕА (bwea ), 
.BWEB _ (bweb ), 
.DIA (dia ), 
.DIB (dib J; 
.ADDRA_HOLD (addra_hold), 
.ADDRB_HOLD (addrb_hold), 


.CEA (cea 

. CEB (ceb 
.CLKA (clka 
.CLKB (clkb 
.ORCEA (orcea 
. ORCEB (orceb 
.RSTA (rsta 
innek.ru 


)› 
)› 
)› 
)› 
)› 
)› 
)› 
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.RSTB (rstb ), 
.WEA (wea ), 
.WEB (web ) 
); 


GTP FIFO36K E1 Example model board 


GTP FIFO36K E1 &( 

„685 EN("TRUE"), 

.DATA WIDTH(18), 

.DO REG(0), 

.ECC READ EN("FALSE"), 
.ECC WRITE EN("FALSE"), 
.ALMOST FULL OFFSET('b0), 
.ALMOST. ЕМРТУ OFFSET( 'b0), 
.RST. VAL('b0), 

.USE EMPTY(0), 

.USE FULL(0), 

.5ҮМС FIFO("FALSE") 

) GTP FIFO36K E1 inst ( 


.DO (do ), 
.DI (di ), 
.ALMOST EMPTY (almost empty 
.ALMOST FULL (almost full 
.ECC DBITERR (ecc dbiterr 
.ЕСС SBITERR (ecc sbiterr 
. EMPTY (empty Jo 
.FULL (full ), 


.INJECT DBITERR (inject dbiterr), 
.INJECT SBITERR (inject sbiterr), 


. ORCE (orce ), 
„ВСЕ (гсе ), 
.RCLK (гсік ), 
.RST (rst ), 
.WCE (wce ), 
.WCLK (wclk ) 
); 


GTP FIFO18K E1 instantiation template 


GTP FIFO18K E1 &( 

„685 EN("TRUE"), 

.DATA WIDTH(18), 

.DO REG(0), 
.ALMOST FULL OFFSET('b0), 


innek.ru 


)› 
)› 
)› 
)› 


101/ 103 


Appendix 


Titan2 Series FPGA Dedicated RAM module 


20 Val 344 Аррепдіх 


.ALMOST. ЕМРТУ OFFSET('b0), 
.RST. VAL('b0), 

.USE EMPTY(0), 

.USE FULL(0), 

.5ҮМС FIFO("FALSE") 

) GTP FIFO18K E1 inst ( 


.DO (do ), 

„БТ (91 ), 

.ALMOST EMPTY (almost empty), 
.ALMOST FULL (almost full ), 
. EMPTY (empty ), 

.FULL (full ), 

„ОКСЕ (огсе ), 

„ВСЕ (гсе )› 

.RCLK (гсік ), 

.RST (rst ), 

.WCE (wce ), 

.WCLK (wclk ) 

); 
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Copyright Notice 


The copyright of this document is owned by Shenzhen Ziguang Tongchuang Electronics Co., Ltd., and 
all rights are reserved. Without written permission, any company or individual shall not disclose, reprint 
or otherwise disclose or distribute any part of this document to third parties. Otherwise, the company will 
pursue its legal responsibility. 


Disclaimer 


1. This document only provides phased information, and the content contained in it may be updated 
at any time according to the actual situation of the product without prior notice. The company does not 
assume any legal responsibility for any direct or indirect losses caused by improper use of this document. 

2. This document is provided as is, without any warranty, including any warranty of merchantability, 
fitness for a particular purpose, or non-infringement, and any warranty mentioned elsewhere in any 
proposal, specification, or sample. No license, express or implied, to any intellectual property right is 
hereby granted by this document, whether by estoppel or otherwise . 

3. The company reserves the right to modify the relevant documents of the company's series of 
products at any time without prior notice. 
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